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Preface 


The teaching procedures offered in this 
book have proved of value in many ele- 
mentary science classrooms throughout 
the country. Certainly the book presents 
more techniques, demonstrations, proj- 
ects, field trips, and suggestions than any 
teacher would need in any year. Many of 
the procedures are intended for use by the 
teacher alone; others are to be used by 
groups of children; still others are in- 
tended to stimulate individual investiga- 
tions by groups or individuals. Some are 
simple in execution; some are moderately 
difficult; some are complex; a number 
may be considered too advanced for the 
majority of elementary school students. 

Children, differing as they do in needs, 
aptitudes, and attitudes, are idiosyncratic 
in their patterns of life and interests and 
in what they make of them. Since meth- 
ods of teaching are, and do, indeed, re- 
main personal inventions, each teacher 
will select the procedures that are applic- 
able to his or her pupils or special school 
Situation. The procedures are meant 
therefore simply as the raw materials from 
which a lesson, or part of it, may be con- 
structed. 

The authors—out of their experience in 
the elementary science classroom and in 
the training of elementary science teach- 


ers—have included techniques and proce- 
dures useful not only for the full range of 
elementary science classrooms (grades 
1-8) but also for the variety of individual 
students who make up classes. These re- 
flect the complete scope of the scientist's 
way: observing, thinking, imagining, de- 
veloping “models,” clarifying problems, 
inventing hypotheses and theories, dis- 
cussing, reporting—all involved in design- 
ing experiments, all giving the fabric of 
science its special warp and woof. 

This volume is one of a series of three 
sourcebooks; the others are Teaching High 
School Science: A Sourcebook for the Biological 
Sciences, by E. Morholt, P. F. Brandwein, 
and A. Joseph (Harcourt, Brace & World, 
1958), and Teaching High School Science: A 
Sourcebook for the Physical Sciences, by A. Jo- 
seph, P. F. Brandwein, E. Morholt, H. 
Pollack, and J. F. Castka (Harcourt, Brace 
& World, 1961). The three offer science 
teachers in elementary, junior high, and 
senior high schools a full review of demon- 
strations, field methods, and laboratory 
procedures in science. 

The purpose of the authors is clear: to 
be of service to their colleagues, teachers 
of children. 


PAUL F. BRANDWEIN 
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Introduction 


This book gathers for you in one place 
Most of the tested activities and experi- 
ments connected with the elementary- 
8rade study of science. The experiments 
are so ordered in the text that you may 
use them in the sequential development of 
à concept or select from the collection in 
Order to answer a specific problem. You 
Will find closely related experiments which 
You may use to approach a problem from 
different angles in order to achieve maxi- 
mum understanding. Since we have been 
teachers of both children and adults, we 

ave tried to anticipate your needs in the 
Various phases of science study. 

This book assumes that you know chil- 
dren even if you protest a modest back- 
round of science. It aims to provide you 
With the ammunition to let science come 
from and through the children, as 1t will 
if given half a chance. Our suggestions are 
Intended to be simple and clear so that 
You and the children will have a thor- 


oughly enjoyable as well as interesting 
time in science. 

Another intent of our writing has been 
to share with you what we have found to 
be the easiest and most practical methods 
for conducting a study of science. The 
shadow of an overloaded curriculum and 
bulging school day has always been over 
our shoulders. We have tried wherever 
possible to point out possibilities for inte- 
grating science with other curriculum 
areas and for relating it to everyday living 
and everyone's environment. 

Finally, we have tried to make bridges 
for you between the fields of science—for 
example, the analogy between orbital mo- 
tions of the electron and those of the sun's 
wheel of attendant planets. 

We shall have succeeded in our purpose 
if this book gives you the courage to find 
out that science is fun and that you can 
teach it. 
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TEACHING ELEMENTARY SCIENCE: 
A SOURCEBOOK FOR ELEMENTARY SCIENCE 
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The classroom: 


a place for daily discovery 


SETTING THE STAGE 


One of the most interesting things you 
can do is to ask children to name one 
thing in their surroundings which scien- 
tists have not improved. 

In our experience, children react vigor- 
ously to the challenge. They name articles 
of clothing— shirts, stockings, shoes. But 
Soon they realize that even though the 
Plant grew the cotton, scientists have im- 
Proved the cotton plant, even improved 
the soil, bleached the cotton, dyed it, and 
So on. Some of the children may name 
Your handbag, their pencils, their lunch- 
boxes—all of which they will eventually 
gree are improved by science. 

Ask your children to think of some- 
thing outside schoolrooms which science 
has not changed. They will probably 
Mention automobiles or perhaps ice 
cream. Suppose someone points out a tree 
as not to be “improved upon.” Don't we 
Prune and spray and fertilize plants bet- 
ter today because of science? 

Your classroom, as part of the modern 
world, surrounds the children with science 
€xperiences. But you will select those 
which feed into your current social studies 
Or science unit or into the children’s im- 
Mediate interests or community problems. 
tis our immediate purpose here to indi- 
Cate the general use of different parts of 


the classroom. Techniques mentioned will 
be described more fully later. As a class- 
room teacher, one of the first things you 
can do is to utilize the science teaching 
potential of your classroom by putting all 
available space to work for science. 


WINDOW SILLS AT WORK 


Window sills are probably the most 
valuable aids for teaching science in the 
classroom. As display space, they have the 
best light and are at a good height for 
youngsters to observe and handle objects. 

Many teachers fill window sills with 
growing plants to create a more attractive 
room. Why not put these same plants to 
work to illustrate basic principles of life 
and growth (Chapter 6)? North or east 
window sills are good locations for aquar- 
iums and terrariums. Suggestions for con- 
struction, maintenance, and utilization for 
teaching will be found in Chapters 2, 3; 
and 6. 

Nor is the window sill necessarily lim- 
ited to investigations in biological science, 
You may wish to try experiments on the 
effect of light on samples of colored cloth 
paper, and plastics (Chapter 20). i 


Outdoor window sills at work 


If it is possible to erect a simple plank 
shelf just outside the window, classroom 
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science may be enriched with a whole 
range of activities not possible indoors. 
You may find details for construction and 
utilization of such a classroom extension 
in Chapter 6. 


THE SCIENCE CORNER 


As you read further, we hope you will 
see how it is possible for many parts of the 
classroom to be used for daily discovery in 
science. However, for purposes of organiz- 
ing materials and focusing interest in sci- 
ence, you and the children may wish to 
designate one area of the room as the “Sci- 
ence Corner.” All that is needed to open 
many avenues to science learning is some 
of the following components: display 
space including a bulletin board and a 
bookcase for children’s collections, library 
reference and file space, a work table, and 
storage facilities. Methods we have used in 
displaying children’s contributions, in fil- 
ing articles and pictures, and in storing 
equipment, all in a limited space, are ex- 
plained in the appendix. How to make the 
usual bulletin board come alive by a 3-D 
technique is also suggested there. 


FIRE AND WATER 


Many interesting and worthwhile sci- 
ence experiments require water and/or 


heat. Most of us teach in classrooms 
where the nearest running water is down 
the hall in the custodian’s mop closet. The 
nearest current electricity is an overhead 
chandelier. Some ways to get around such 
obstacles are described (see appendix). 


HOUSEKEEPING 


Good housekeeping in elementary sci- 
ence is a must, especially for reasons of ex- 
ample and hygiene. Science equipment 
must therefore be designed and organized 
in such a way as to demand a minimum of 
care for a maximum of usefulness and 
cleanliness. Suggestions are offered 
throughout the book and especially on p- 
5. 

Just as science has increasing impact on 
life and living, your classroom will indeed 
reflect that impact. 

But science is not only a study of things 
and what happens to things. It is also a 
way of studying these things and what 
happens to them. The way scientists seck 
knowledge includes many approaches to 
facts and how facts can be put together- 
You may wish to embody some of the sug- 
gestions to be found in Teaching High School 
Science: A Book of Methods by P. F. Brand- 
wein, F. G. Watson, and P. E. Blackwood, 
1958 (Harcourt, Brace & World, New 
York). 
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Animals in the classroom zoo 


Whether you teach in a rural or urban 
School, you will have an opportunity to 
Care for a variety of animals in the class- 
room. During a study of “The Farm,” a 
child may bring his pet duck for the day. 
A study of nutrition becomes much more 
Meaningful if you secure white rats from a 
hospital or test laboratory. If schools laws 
Permit, an injured wild animal may be 
brought in for treatment and temporary 
observation. Some communities have a 
junior museum with an organized animal 
loan service for schools. A few school sys- 
tems have their own service. In any case 
you will be eager to provide the animal 
visitor with the best possible care and an 
appropriate home. 


HOME AWAY FROM HOME 


Whether wild or domestic, an animal 
in the classroom can best be housed in a 
Cage that is big enough for a rabbit or cat, 
yet can be folded up when not in use. The 
Cage should be all metal to facilitate thor- 
ough scrubbing and rinsing in laundry 
bleach solution. A debris-catching metal 
tray that can be easily cleaned and a water 
fountain that provides fresh water on de- 
mand and seldom needs refilling must also 
be built for the “cage” home. 


Materials and tools 


Before beginning construction of a cage, 
decide whether a 2’ or 3’ square cage will 


better meet most of your needs. For dogs 
and rabbits, the 3’ size is preferable; the 2’ 
cage is adequate for guinea pigs, hamsters, 
white rats, etc. Cage wire of 19-34" mesh 
often comes in rolls 36-48" wide. For the 
2' cage you will need about 7' of 48" width 
in order to provide four sides, a top and 
bottom, and an exercise wheel (Fig.2-1;see 
also Fig. 2-8). Hold the wire together with 
clips (generally available from pet stores) 
or with bell wire. Construct the metal 
debris tray from a piece of lightweight 
galvanized iron big enough to allow for a 


m 24" 


(78") 


exercise wheel 


Fig. 2-1 Pattern for Pet cage. This plan Provides 
for four sides, bottom, top with overlap, and 
ercise wheel (Fig. 2-8), : id 
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‘water bottle 
with plastic 
drinking tube 


swings up 


bottom 


Fig. 2-2 Pet cage assembly. The figure shows 
points of permanent attachment. To set up, use clip 
fasteners along three open edges of top and bot- 
tom. For compact storage, remove clips and fold in 
sides, top, and bottom. 


= EE. poe e 
| j 
1 25" g 
i (approx) : 
i 25" (approx ) 


aluminum sheet 
or galvanized iron 


Fig. 2-3 Tray base for pet cage, with construc- 
tion detail for size and for side and corner folding 
of metal base. 
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1-2" overlap to bend up around the bot- 
tom of the cage. For a 2' cage you will 
need a piece about 28" square. Obtain 
sheet iron that is galvanized to prevent 
rusting. Or you may decide to use sheet 
aluminum, since it is a very lightweight 
metal, is highly resistant to corrosion, and 
is easily cut and shaped. 

You will need the following tools for 
construction: a pair of tin-snips, a pair of 
side-cutting pliers, and, if possible, a pair 
of special pliers for closing the cage clips 
(clips are more effective than wire for fas- 
tening the sides to each other). The clips 
and pliers are usually available from a pet 
store or specialty hardware shop. The clips 
can be closed with the inner jaws of an 
auto mechanic's pliers. A ball-peen ham- 
mer is best for forming the sides of the tray 
An ordinary claw hammer will do. 


Making the pet cage 


With materials and tools assembled: 
your first step in construction is to spre 
the wire mesh on the floor and carefully 
cut down the middle, making two strips 
each 24" wide. Trim any protruding ends 
of wire with side-cutting pliers, and cut ? 
squares each 24” x 24", Trim closely 25 
before and fasten 4 squares together tO 
form the sides, using clips or wire at inter- 
vals. The fifth square forms the bottom a™ 
is fastened only along one edge to permit 
opening (Fig. 2-2). As shown in Fig. 2-2, 
cut a piece for the top with enough over" 
lap to make it secure when bent down over 
the side. Fasten the top parallel to the bo 
tom piece to permit folding. Fasten ? 
water bottle to the outside of the cage Wit 
the tip of the tube inside the cage (FiS 
2-2). 

You are now ready to make the tray !? 
which the cage is set. Cut the sheet met@ 
at corners (Fig. 2-3). Bend and hammet 
flat, using a block of wood as a form 0” 
which to flatten the metal. Lap the CO” 
ners (Fig. 2-3). Hammer down to flatte” 


— 


any sharp edges. When you are ready to 
set up the cage inside the tray, fasten to- 
gether at intervals with metal “alligator” 
clips available from dime or hardware 
Stores. (Wood pins absorb odor or may be 
chewed to splinters, and therefore should 
not be used.) When the cage is occupied, 
place sufficient weight on top to prevent 
the animal from pushing his way out or 
tipping over the cage. 


Water supply 


Here again we desire equipment which 
requires a minimum of care. A “perpet- 
ual fountain” may be assembled from a 
medium-sized pill bottle (e.g., for vita- 
mins), a bent feeding tube (see Fig. 2-2), 
and a one-hole stopper. A plastic tube, 
available for 15-20c from the drugstore, is 
safest. The stopper can be made by drill- 
ing a cork with the blunt end ofa rattail 
file. The “business” end of the file will help 
Smooth the hole. The “fountain” should 
be checked daily to see if it is feeding prop- 
erly. However, it will probably not need to 
be cleaned and refilled more than once a 
week, The principle of air pressure in- 
Volved may lead the children into a new 
area of questions and experiments (see 
Chapter 9), 

Rather than a water bottle, amphibious 
Pets such as frogs, toads, and water turtles 
need a shallow dish in which to “muddle” 
and soak their skins. Use a glass or enamel 
dish; do not use one made of tin-coated 
Steel since it tends eventually to rust. An 
Open dish must be cleaned and refilled 
daily, and animals should be able to enter 
and leave it unaided. 


Feeding animals 


Feeding habits of different animals are 
remarkably varied. You may wish to re- 
quest for your reference library several 
Publications listed in the bibliography. 
Two general principles, however, apply in 
Most cases. Offer the widest imaginable 


variety of foods, but in small amounts. 
The animal may then select the foods that 
best meet its dietary needs. Do not overfeed. 
Heavy glass ash,trays are excellent con- 
tainers for most foods; cardboard boxes 
serve well for dry foods. Always remove 
uneaten food and continually practice the 
strictest possible good housekeeping in 
your pet’s culinary department. Nothing 
promotes sickness in animals as quickly 
as putrefying food, dirty water, and foul 
quarters. 


Housekeeping for pets 


Some teachers hesitate to keep animals 
in the classroom lest they lend undue “at- 
mosphere.” Any odor from classroom pets 
may indicate poor housekeeping. Daily 
removal of uneaten foods and of soiled 
bedding is a minimum essential. Place in 
the debris tray softwood shavings or saw- 
dust to absorb odors, and wash the cage 
weekly in laundry bleach solution. These 
housekeeping habits virtually guarantee 
sweet-smelling pet homes." 


Nest boxes 


Most animals should have a nest box for 
shelter from drafts, especially if the cage is 
on the floor. Children can understand this 
if you perform a single demonstration for 
them. Secure a pair of inexpensive ther- 
mometers and take simultaneous readings 
on the floor and close to the ceiling. Chil- 
dren will note the difference in tempera- 
ture. If it is permitted to burn a candle in 
the classroom, the children will observe 
the movements or flickering of the flame 
in different parts of the room. A Special 
word of caution about pets and their ex. 
posure to cold weather during weekends: 
Some schools turn the heat off completely, 
It may be necessary to take the pets home 
or to cover the cage with a cloth or blan. 
ket. During a harsh cold wave electric 
heaters have been used in some schools. 

Animals also need a dark retreat for rest 
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as well as for shelter. Cardboard is less 
sturdy than wood for a nest box but can be 
more readily replaced. For smaller ani- 
mals, the entrance hole should be near the 
top of the box, thus permitting a dark 
cavity below. The children may be able 
to recall having seen bird boxes with door- 
ways drilled at the bottom by kind but 
ill-informed people who then wondered 
why the houses stood vacant. 


COMMON CLASSROOM CREATURES 


Children who own pets or whose par- 
ents own pet stores in the community will 
have helpful suggestions for the care of 
animals in your classroom zoo. Following 
are some suggestions for the care of com- 
moner classroom creatures. 


Earthworms 


The children can dig up earthworms 
from the school garden or collect them 
from the ground surface after a heavy 
rain. Earthworms are interesting and valu- 
able to keep in the classroom. Quite liter- 
ally they go quietly about making the 
earth a better place. If need be, they also 
serve as winter food for frogs, toads, 
snakes, and turtles in the classroom. To il- 
lustrate the way in which these “Little 
Ploughmen," as Darwin called them, im- 
prove the soil, obtain two wide-mouth 
pickle or mayonnaise jars. Moisten some 
dark soil (loam or leaf mold) and some 
light-colored soil (sand). Make three layers 
of soil in each jar—light, dark, or vice 
versa. Put the earthworms on top of the 
soil of one jar. Wrap the jar with a sheet of 
dark or black paper, which should act to 
lure the worms to tunnel at the periphery 
of the jar where they can be seen, rather 
than to bury themselves in the center. In 
a few days you should begin to see dark 
tunnels through the sand layer until even- 


tually the soil in the jar is quite thoroughly 
mixed. 
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Compare the mixing with that of the jar 
without worms. Thus in nature earth- 
worms, by bringing up subsoil and taking 
down topsoil, contribute inestimably to 
soil fertility and hence to human welfare. 
Watch the soil pass through earthworms 
as they tunnel through it. They have no 
teeth. but a remarkable gizzard which 
grinds and pulverizes the soil they take 
into their systems. Observe how they pull 
bits of leaves into their mouth with the up- 
per lip. Where tunnels against the glass 
permit watching the earthworm in its hole, 
note how they hold onto the top of the 
hole with the tip of the tail and move in à 
circle searching for food. When not observ- 
ing the earthworms, be sure to replace the 
black covering around the jar. 

Soon you will notice worm castings of 
digested pulverized soil on top of the soil 
in your jar. A second grade class planted 
beans in pots of such *wormy" soil an 
more beans in pots of ordinary school gat 
den soil. The seeds in the worm-casting 
soil grew and flourished abundantly 2$ 
compared to those in the control pots. 

At commercial worm farms, worms are 
fed such succulent soft diet as olive p! 
and walnut shells! Anglers who keep 2 
supply of worms on hand feed them a mix" 
ture of coffee grounds and cornmeal, 1” 
small doses. If the children wonder whY 
one finds worms above ground after 4 
downpour, they can answer their oW? 
questions by a simple experiment. Pour IP 
the worm jar more water than its soil cà? 
hold and watch how the worms will come 
to the top of their tunnels for air. Be ready 
to rescue them from drowning and to mov 
them to new quarters. 

When children ask where worms come 
from or if they should become curious 
about the egg collar they see on some 
worms, a teacher who is able to give $1 
ple factual answers helps children attain 4 
healthy attitude about the process of T 
production. 


Meal worms 


The immediate value of meal worms is 
to provide a ready and acceptable live 
food supply, especially during winter, for 
pet reptiles or amphibians that hibernate 
but briefly in a warm classroom. Their 
partial metamorphosis from larval to adult 
(beetle) form will contribute to the child’s 
understanding of the life cycle of various 
creatures. Meal worms are usually avail- 
able at pet or feed stores. Secure a small 
quantity and put them in a quart or half- 
gallon glass jar partly filled with wheat 
bran, bran flakes, and/or cornmeal. For 
Variety you might occasionally add a 
bread crust or small chunk of apple or car- 
Tot. Punch air holes in the jar's tin cover or 
cover with cloth or netting. Keep in a 
warm, dark place. For faster multiplication 
divide the supply into two containers, one 
to be left undisturbed for breeding, one to 
be used for pet food. 


Silkworms 


If there is a mulberry tree anywhere 
near the school, do not miss the experience 
of keeping silkworms in the spring. There 
1S more than one variety of mulberry com- 
monly planted in the United States and 
any medium-sized tree with some mitten- 
Shaped leaves (Fig. 2-4) bears inspection. 

t may be a mulberry. Silkworm eggs from 
the previous spring will hatch if kept at 
room temperature. You will want to order 
these eggs in early spring from a scientific 
Supply house (see appendix). Keep the 
eggs in a refrigerator until the mulberry 
leaves are well out. Then bring into room 
temperature and keep a few fresh leaves 
on hand for the moment the tiny larvae 
begin to emerge. Silkworms will never 
leave their food supply. Both eggs and 
leaves, as well as the silkworms when they 
€merge, may be kept in an open box top 
9n a table or window sill (not in hot sun). 
Since silkworms eat only the margins of 
leaves, your supply will go further if cut in 


Fig. 2-4  Mulberries have rounded leaves, often 
glossy green. The red mulberry has these charac- 
teristic notched leaves. Many schools plant one of 
the nonfruiting varieties for shade and silkworms. 
(Hugh Spencer.) 


pieces. Leaves should not be fed wet but 
blotted dry with paper toweling. Osage 
orange or lettuce leaves may serve as a 
temporary, but only temporary, substitute 
for mulberry leaves. You may wish to 
cover the silkworm container with a piece 
of windowpane or cellophane, not to re- 
strain the larvae but to reduce evapora- 
tion in the leaves. Silkworms will grow in 
proportion as they are supplied with fresh 
food. This should be fed daily, including 
weekends. Most children vie for the privi- 
lege of playing host to the silkworms, How- 
ever, it may be wise first to ascertain pa- 
rental feeling on the matter! 

Old dried leaves and debris should be 
removed before each feeding. You can save 
time in doing this by laying coarse wire 
mesh or netting over the silkworms and the 
old p They will crawl up through it 
to the fresh leaves you place on top and 
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save your having to find and pick off each 
larva to be transferred to the new food. 

When the silkworms have grown large, 
they will stop feeding ard begin swinging 
their heads from side to side. They are 
looking for a place to spin. Now place 
them in an open shoebox containing twigs 
to which they can anchor their cocoons. 
Some teachers use plastic tubes (tooth- 
brush containers) or transparent plastic 
refrigerator food containers (pint or half- 
pint) containers. But these must contain 
some rough object or surface to which the 
cocoon may be attached. In about ten 
days from the making of the cocoon, moths 
will begin to emerge and mate. Before this 
happens you may wish to boil up a few co- 
coons in order to try finding and with 
needle or tweezers gently unraveling the 
end of the silk thread with which the co- 
coon was made. Meanwhile the children 
should be allowed to watch the mating 
process freely and without comment on 
your part. Questions should be answered 
directly and briefly. Children in an urban 
environment particularly need such sim- 
ple and natural object lessons in reproduc- 
tion. 


TROPICAL AND FRESH-WATER FISH 


Often among your children there is a 
young expert on tropical fish. If not, do 
not be deterred from setting up an aqua- 
rium for lack of equipment or experience. 
You may wish to use a widemouthed gal- 
lon pickle jar for a container. Globes are 
easily tipped over and tend to distort one’s 
view of the inhabitants. In rural areas you 
may be able to locate a glass battery jar 
which was once part of a home power 
plant. Wash carefully with baking soda to 
neutralize any residual acid and rinse sev- 
eral times with water. The children help- 
ing you may ask why, and lead you to try 
some simple experiments (Chapter 12). 
Old-fashioned glass candy and cookie jars 
also make good tanks. An open-topped 
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modern glass brick provides an attractive 
small aquarium. 


Guppies 


If you are a beginner in aquariums, the 
best fish to learn on are guppies. They are 
cheap, hardy, and breed almost too easily. 
Unlike most fish, guppies are born alive, 
the eggs hatching inside the female’s body. 
The male may eat them unless he is put in 
another tank. Males are smaller than fe- 
males, with a spot on the tail. 

Guppies require a little more than à 
moderate even temperature (60-70? F), 
whereas for most other tropical fish a 
heater and thermostat are needed to keep 
the water at constant temperature. Since 
most schools have a master switch which 
shuts off all electric current after school, 
the heater alone will not obviate dead fish 
in the morning. Heating equipment for 
aquariums is available from pet shops 0T 
from larger mail order houses. If you plan 
to keep tropical fish, it is wise to confer 
with your local pet shop. 

When you buy guppies, get a small 
amount of food at the same time. YOU 
may also wish to invest in a snail to keep 
down algae and remove dead material. 
One snail per gallon is recommended: 
Your pet store dealer will also help you d€ 
cide if you want to buy washed sand for 
the bottom, or wash your own and bake 
it in the oven to kill mold. He will als° 
advise you to invest in a few sprigs ? 
such common aquarium plants as sagt 
taria, elodea, vallisneria, cabomba; ‘oF 
myriophyllum. The first three are parti 
ularly valuable as sources of oxygen for 
your fish. Above all, the dealer will help 
you decide how many plants you will -— 
to balance the number of fish in your ta? t” 
The fish, of course, give off the carbon di- 
oxide which plants use in making food- d 

If you have access to a stream or p°??? 
you may wish to use small native fis 
which the children collect, such as dace 


perch, stickleback. You may add some tad- 
poles but not a crayfish. Unless the crusta- 
cean is much smaller than the fish, the lat- 
ter are apt to disappear! 

Pond, stream, or rain water is best for 
filling a tank because it may contain 
microorganisms which multiply and be- 
come fish food. If tap water must be 
used, let it stand for at least 3 days to 
allow the chlorine, which is poisonous to 
plant and animal life, to escape and any 
lime to settle. Aquariums stay cleaner and 
require less frequent addition of water if 
kept covered. Do not add tap water except 
that which has been allowed to stand as 
Suggested. 

Before planting your aquarium, be sure 
it is thoroughly cleaned. Cover the bot- 
tom with sand, in not too level a layer, 
&roup your water plants, and imbed an 
Inch into the sand, anchoring with peb- 
bles. Let the stems trail. They will rise as 
Water is added. Remove broken or dis- 
Colored leaves. If plants do not thrive, re- 
Plant them in a sand layer spread on top 
of rich soil which, in turn, rests on a bot- 
tom layer of sand. Lay a piece of paper be- 
‘ween the plants and gently siphon water 
9nto the paper, The paper keeps the plants 
from being washed out of place and cuts 
down roiling of the water. The use of the 
Siphon here is a fine way to illustrate air 
Pressure at work (Chapter 9). Before add- 
ing inhabitants, remove paper and let 
aquarium stand until water clears. 

Ear ly morning sunlight from an eastern 
exposure is desirable for an aquarium. If 
the aquarium is placed on the window sill, 
the resultant growth of algae may be re- 
duced by fastening dark paper to the side 
next to the window. Do not place too near 
radiators. 


Fresh-water insect aquarium 


If you or your children have access to 
a fresh-water stream or pond, you may 
*hJoy watching aquatic insects change 


from the larval to the adult form. This 
change occurs most frequently in late 
spring. Secure and clean thoroughly a 
widemouthed jar or container. Place clean 
sand in the bottom, fill partly full of pond 
or stream water. (Do not use beach sand; 
itis very hard to remove the salt which is 
fatal to fresh-water life). Plant a few speci- 
mens of water plants which you collect 
when you find the insects. Add a branch 
or slanting stick which is partly out of 
water and a floating block of wood on 
which the insects emerge. Try to collect 
nymphs of dragon and damsel flies, cad- 
dis worm cases, some water boatmen and 
water striders, and even a scoop or two of 
mosquito larvae. For more detail on what 
to look for and how to collect it, see Chap- 
ter 4. 


Classroom tidepool 


For children living near the sea coast, a 
small marine aquarium may be the cap- 
stone to a long anticipated and carefully 
planned trip to the beach or tide flats. In 
these days of rapidly vanishing native ani- 
mal life, you and your class can make your 
contribution to the cause of conservation 
by collecting no more than one or two of a 
kind among the common species only. 

The salt-water tank must obviously be 
ready for use on your return from your 
shore trip. The container must be cleaned 
and tested for leaks. Water may be brought 
from the ocean or be synthetic brine. Sea 
salts in cloth bags (secured from Scientific 
supply houses) should be dissolved ahead 
of time according to directions. You will 
also need some sea sand and a few barna- 
cled rocks for the bottom. 

Tidepool animals will not survive over- 
night without an aerator. Common aera- 
tors for fresh-water tanks will suffi 


ce if you 
use more than one per tank (usu 


ally two 


! For more on salt water see E, Morholt, P. 

i : ; P. Bi s 
wein, and A. Joseph, A Sourcebook for the Biolo, ribs 
ences, Harcourt, Brace & World, 1958. P. 355. B 


TROPICAL AND FRESH-WATER FISH 


Fig. 2-5 
possible collect some pond water with the eggs. 
Note water temperature. (Hugh Spencer.) (b) Ge- 
latinous strings of toad eggs. (W. J. Jahoda from 
National Audubon Society.) 


(a) Gelatinous mass of frog eggs. If 


are enough). Specimens such as clams, 
hermit crabs, sea anemones, starfish, and a 
few small fish will survive for a considera- 
ble period in such a tank. 


AMPHIBIAN PETS 
Frogs and toads 


The development of a dark spot ina 
mass of frog eggs into a tadpole and then 
into the adult frog is one of the perennial 
wonders of spring. Early in the spring, bor- 


10 ANIMALS IN THE CLASSROOM ZOO 


row or buy “Voices of the Night,” a Cor- 
nell University recording of amphibian 
voices. Without comment, play it for the 
children and elicit their explanation. The 
ensuing discussion should bring out some 
interesting questions. This might be the 
day to bring in some amphibian eggs 
Children may have been requested the 
day before to bring in enough pond water 
and green scum in which to float the eggs 
and later feed the newborn. Toad and 
salamander eggs are laid in strings of jelly 
while frog eggs come in masses of jelly 
(Fig. 2-5). The jelly serves as the tadpole 
first food when it emerges from the eg& 
Later it feeds on green scum or algae. 
Cover the glass container in which you 
are keeping the eggs. This will reduce 
evaporation and keep out foreign matter 
such as chalk dust which may be toxic 54 
them. It is by far best to use distilled wate 
available in most communities from ? 
local bottling firm. If necessary to add taP 
water, be sure to let it stand several days 
This is to permit chlorine to dissipate. 
Keep in a relatively cool place with med 
sunlight, but not enough to overheat €: 
water. Normal room temperature witho P 
much variation should keep the wate 
about the right hatching temperature. 3 
From egg to frog usually takes abou " 
months though this varies from spi 
species. Some species, as, for example, he 
frogs, require 2 years to mature. bo 
ing the legs appear is always interest y 
Do both emerge at the same time? ^ p 3 
school or juvenile biology text (see bi jl 
ography) may provide a review which i 
enable you to help your children wa tt 
a knowledge of the pre-natal changes !? 
animal babies. . 
Among othei references which g!V 
ditional detail on raising amphibia 
school, Greenlee? gives a delightful des 
tion of how a first grade met the pro 


emer 
* Greenlee, Julian, Better Teaching Through Elem 
Science, Wm. C. Brown, 1954, pp. 1 ff. 


é ad 
ns! 
crip” 


mul 


CC 


of hatching salamander eggs and at the 
Same time taught the science consultant a 
great deal about young children! 

The adult amphibian will feel comfort- 
able in a moist woodland terrarium 
(Chapter 6). Ifa child finds a spring peeper 
or treetoad, he will enjoy watching how it 
can scale the vertical walls of a glass con- 
tainer or terrarium. Perhaps when the 
room is quiet, it will even feel comfortable 
€nough to “peep.” Thin rocks built into a 
Miniature “grotto” or formed into a rough 
Wall in one end of a terrarium or aquar- 
ium furnish a bit of “coolth” which is 
Most desirable to frogs and toads. 

Perhaps you can train your frog or toad 
to eat an insect or bit of hamburger or 
earthworm dangled and moving in front of 
it. Children will be astonished to see the 
Speed with which the tongue, fastened in 
front not the rear of the mouth, flicks out 
and gathers in the offering. 


REPTILE PETS 
Turtles 


Larger turtles (except, of course, snap- 
Pers) are one kind of animal that can be 
allowed to roam the classroom when chil- 

ren are present. Most turtles are omniv- 
Orous, Ant eggs, most insects, bits of hard- 
boiled egg, earthworms, meal worms, let- 
tuce, and fruit provide a good dict. Some 
turtles like a small amount of chopped 
Meat or canned fish. Be especially careful, 

Owever, to remove promptly al] uneaten 
Portions. Desert tortoises, of course, are 
Vegetarians but need a wide variety of food 
to keep healthy in captivity. Even in a 
Warm climate and indoors, almost all tur- 
Hs attempt to hibernate for part of the 
Winter, The length of time depends upon 
the latitude. For instance, around latitude 

* turtles hibernate about 5-6 months. 
.Tovide a dark cool place for them to re- 
Ure. When they emerge, they may look 


somewhat emaciated, especially around 
the neck. If they do not eat, you may have 
to force feed them. This usually takes two 
people, one to hold the unwilling reptile, 
and one to pry open his beak with a blunt- 
ended tool and stuff in the food. Do not 
overfeed. In all cases, in the interest of 
good conservation, attempt to return the 
turtle to its native habitat after a brief so- 
journ at school. Toy turtles and some 
larger species will need shallow enamel- 
ware or glass dishes where they can sit and 
soak. Help children understand why it is 
cruel to paint a turtle’s back; its back is 
composed of partly living tissue. Help the 
children estimate the age of a living turtle 
by the major growth rings in each scale. 
Perhaps with the loan of a strong magni- 
fying glass or a high school microscope or 
toy microscope, they can also see growth 
rings in fish scales. 

As a general rule for feeding, land tur- 
tles are usually vegetarians, and water tur- 
tles are meat and fish eaters. Mud turtles 
feed underwater as do many water turtles. 


Snakes 


The small snakes appropriate to keep in 
school—garter, green, DeKay’s snakes— 
would crawl through the mesh of the 
multipurpose cage described earlier. A 
more adequate snake box can be con- 
structed from a wooden apple box in which 
one side is replaced by a glass pane that 
slides in and out of a close-fitting wooden 
groove or slot nailed to the box (Fig. 2-6). 
(Wood already grooved is available at 
lumber yards.) The slits in the box’s side 
can be covered with tape. Snakes need a 
shallow enamel or glass water dish, as, for 
example, an ash tray. They also need a 
branch on which to climb and a rock or 
bark under which to hide. During shed- 
ding time these rough surfaces enable 
them to work loose from the old skin, 
Snakes, like other animals in the class- 
room, need a place where they can get into 
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Fig. 2-6 Observation box for snakes. You may 
wish to insert a cake-tin base in which to spread 
sand. Place water dish in one corner and some 
rock or bark for a hiding place in another. 


the shade at will. They also need some sun- 
shine as their body metabolism depends 
upon the air temperature. However, do 
not allow the snake to broil in the sun. In 
the western Sierra we have seen a rattle- 
snake literally cooked to death in a matter 
of minutes when kept in the hot open sun- 
light. 

Large snakes, if brought to school at all, 
should remain but a few days. During this 
period it is not necessary to feed them. 
Smaller kinds and young of large species 
should be offered worms, grubs, insects. 
Most snakes feed irregularly. Dangle bits 
of chopped meat and/or earthworms in 
front of them, as they accept only live or 
moving food. 

Never attempt to keep poisonous snakes 
in an elementary classroom, particularly 
in a glass jar. In case of questionable iden- 
tification, it is wiser not to pick it up until 
you are sure. A copperhead covered with 
roadside dust may not at first show its 
typical markings. However, you should re- 
member there are very few kinds of poison- 
ous snakes in the United States. 


Lizards 


Lizards may be kept in a cage similar to 
that described for snakes. Like snakes, they 
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become sluggish unless they are kept rela- 
tively warm. The best temperature is 80° 
F; it should not be below 65° F. Children 
often bring to school the little green or 
brown lizards sold at circuses and carnivals 
as “chameleons.” These require living food 
such as flies, moths, meal worms—not 
swectened water as is often prescribed. 
Chameleons, also called the Carolina ano- 
lis, will sometimes eat very ripe bananas. 
It is possible for pet lizards to catch their 
own “bait” if they are housed in a cage in 
which the mesh is large enough to admit 
flies. Put in some fruit, syrup, or meat to 
attract flies, and set the cage on the win- 
dow sill (but not in continuous sunlight). 
Horned toads prefer ants and can catch 
their own if you place their cage near an 
ant colony with a trail of sugar or grease 
leading to the cage. 

A potted growing plant in the cage gives 
the lizard something to climb. Like snakes, 
lizards also like bark, branches, and rocks, 
and need a shallow water dish (enamel or 
glass). One way of insuring that their skins 
absorb moisture is to spray the plant and 
the lizard at the same time with lukewarm 
water, say once a week. Another way te 
get water into a pet lizard is to hold it, 
head out, in a dish of water. You can al- 
most see the skin soaking up moisture like 
a blotter. 


BIRD PETS 


The usual caged birds, such as canaries 
can thrive in the classroom if they ar 
properly fed and cleaned. The principal 
problem is exercising the bird. It is not 
recommended that parakeets or othe" 
members of the parrot family be brought 
to school. They are susceptible to a virus 
disease, psittacosis, which is communicable 
to humans. If there is a place outside the 
school where the birds will be safe fro™ 
cats and other predators, it is possible t° 


keep members of the parrot family as pets, 
but only in areas such as southern Califor- 
nia since the parrot family is tropical in 
origin. One may have to force feed the oc- 
casional wild baby birds which are brought 
to school. Open the beak gently and, with 
forceps or tweezers, put the food in the 
back of the throat. The food must touch 
the swallowing center on the back of the 
tongue. Keep the little thing in shredded 
paper in a cup or berry basket in a warm 
place. 

Children enjoy letting ducks, chickens, 
and other pets “make tracks" on news- 
print or painting paper spread on the 
floor. Dip the pet's feet in any water color 
tempera. Let the animal walk across the 
paper and then thoroughly rinse the feet. 


Chicken incubator 


Watching chickens hatch in the incuba- 
tor of a commercial hatchery was a pro- 
found experience for one first grade. It is 
possible to secure one-egg electric incuba- 
tors or larger commercial incubators. How- 
ever, you may prefer to give children the 
experience of making their own (Fig. 2-7A, 
B, C). The materials are simple and inex- 
pensive. 

Two cardboard cartons are required; 
one should be about 10" x 10" X Dp 
and the other, about 12" X 12^ se. 16", or 
enough larger to allow paper to be stuffed 
between the two boxes for insulation. You 
will also need a short lamp cord, socket 
and bulb, a wall thermometer, and a ther- 
mostatic switch (such as the Farmaster 
Automatic Temperature Control, Model 
594.405, approximate cost $3.00). Obtain 
one large cake pan, about 8" x 10", anda 
piece of 14” or 4” wire mesh, about 12" x 
14", or big enough to fit the floor of the 
box with enough overlap to fold under and 
make a platform to hold the eggs suspended 
above the water in the cake pan. Cut one 
end from the small box. Then cut a large 


adhesive tape stapled to box to act 
as hinge for glass front 


thermostat 
thermometer 


wire mesh 
platform 


(a) 


cake tin % full of water 


1 box inside another with crumpled 
newspaper as insulation 


(b) 


hang bulb clipped 
to asbestos paper 


thermostat 


(c) 


Fig. 2-7 Classroom incubator. Consult with high 
school science teacher or local poultryman for spe- 
cifics and supplies. 


square window in a side of the large box 
which will fit against the open end of the 
inner box (Fig. 2-7A). 

Cut a hole in the top of the smaller box 
and suspend a light bulb with a clothes- 
pin. Above the light anchor a piece of as- 
bestos paper (Fig. 2-7B). Be sure one wire 
to the light bulb goes through the thermo- 
stat (Fig. 2-7C). 

Fit a large pane of glass over the win- 
dow aperture. Tape all the edges for safety. 
Use a double thickness of 112-2” adhesive 
to make a flap along the top edge (Fig. 
2-7A). Staple to box to form a hinge so 
you can open the window at will. Paint 
the inner surface of the cake (water) tin to 
inhibit rusting. Bend the wire to fit above 
it and fit into bottom of smaller box. 

Fasten thermometer and thermostat to 
inner wall of inside box. Line box with 
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kitchen foil to reflect heat toward eggs. 
Pack space between boxes with crumpled 
newspaper or other insulation. Try differ- 
ent size light bulbs until you have one that 
keeps the box close to 103° F all the time. 
It will help to make three or four ?4"—1" 
holes to be plugged with corks. These can 
be removed or inserted to regulate the 
heat level. 

The children will have an opportunity 
to gain more than one concept of science 
through such an experience, e.g., heat re- 
flection and radiation, differential heating 
(thermostatic principle), insulation, and 
electric circuits. Thus the experience pro- 
vides many overlearnings in addition to 
what they learn about reproduction and 
the life cycle of chickens. 

Once an even 103* F temperature can 
be maintained you are ready to secure a 
dozen fertile eggs. The chicken farmer 
may show the children how he “candles” 
these to determine fertility, or the children 
may wish to recheck with some very sim- 
ple, safe equipment, eg., a light bulb 
shielded inside a small tin can with a small 
hole aperture cut in it. 

At the end of 3 days remove one egg 
and crack it just enough to slip contents 
into shallow dish. The heart beat should 
be discernible in a 3-day embryo. You 
may want to make a pencil mark on the 
€88 as a record. Repeat every 3 days to let 
children observe the development. The 
eggs should be turned daily and water 
kept in the pan underneath the wire plat- 
form to maintain viable humidity. 

Hen's eggs take 21 days to hatch. Once 
the chicks have hatched, wait a day and 
then reduce the incubator temperature a 
few degrees a day to room temperature. 
The incubator can serve as their home un- 
til they are about 3 weeks old. To allow 
them to go in and out of their home at 
will, cut out one wall of their box 2" above 
the floor. Cover this opening with cloth 
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thumbtacked to the carton. Outside make 
a 12"-high fence of wire mesh or screen- 
ing. A sheet of lightweight metal under the 
incubator and runway may be quickly re- 
moved and hosed off. Baby chick mash 
can be purchased at a feed store that also 
sells food and water dishes. 


MAMMAL PETS 


Almost any small pet that can be safely 
kept at home can be kept at school. Never 
keep any animal long confined. About 2 
weeks is the maximum except when train- 
ing white rats for pets and for keeping ani- 
mals for nutritional experiments. If the fur 
ofa mammal pet is in poor condition, try 
adding a small amount of Vitamin A 
and/or milk of magnesia to the diet. Pro- 
vide plenty of food for wild pets, for there 
is nothing more pitiable than a half- 
starved caged animal. Wild animals do 
not usually overeat. Feed baby animals 
with a doll nursing bottle. Use the smallest 
opening to avoid strangling the little crea- 
ture by too rapid feeding. Milk bubbling 
from the nostrils is a sure sign of this. 

One way of permitting pets not other- 
wise possible at school is to plan a “Pet 
Day.” Each child who brings one may 
plan to tell about feeding, cleaning and 
training his pet. 


Rabbits 


A tame rabbit is another creature that 
may be permitted the freedom of the class- 
room. This is good for both rabbit and 
children! Rabbits need exercise and chil- 
dren need to get used to animals. How- 
ever, do not keep wild rabbits as pets: 
They sometimes carry the disease tula- 
remia. In a mild climate or in spring and 
fall, Bunny can live in a cage on the out- 

‘Greve, Anna M., *Let's Have a Pet Show." Vall- 


Humane Review, Vol. XXXI, No. 5, May, 1943, pP 
18-20. 


door window sill safe from dogs and cats. 
In the classroom, he needs a cardboard 
box shelter (which can be disposed of and 
replaced when sanitation demands) where 
he may retreat and rest. Cut one end from 
the box for an entrance way. For over- 
night and weekend quarters, the 2’ or 3’ 
Square mesh cage is adequate though it is 
cramped for a full-grown rabbit over more 
extended periods. It is of utmost impor- 
tance with rabbits, or, indeed, with any 
animals in the classroom, to have equip- 
ment which is easily and quickly cleaned 
by the children with a minimum of help 
from the teacher. Rabbits will need heavy, 
nontippable containers for food and water. 
One can build a rack or manger for green 
food from wire screening. This should be 
attached low and to one side of the cage. 
All animals choose one spot in a cage or 
room for excretion. Once this choice has 
been made, spread newspaper and change 
it frequently. A dirty pen, damp food, and 
Poor ventilation may soon produce a sick 
rabbit. In such a case, take the animal im- 
mediately to a veterinary. " 

Never lift rabbits by their long sensitive 
Cars. Pick them up by the loose shoulder 
Skin, at the same time supporting the hind 
quarters with a gloved or cloth-protected 
hand as a guard against their long hind 
Claws, 


White rats 


For the elementary classroom white rats 
are preferable to white mice. They smell 
less “mousey,” and their larger size makes 
it easier for children to pick them up. They 
Move less quickly than guinea pigs, and, 
1N our experience, are less inclined to bite 
than hamsters, White rats are usually 
available from hospital or medical re- 
Search laboratories. These sources are 
often glad to have the school return par- 
ents and progeny at the year's end. 

€ep rats in the multipurpose wire cage 


coat hanger wire 


metal strips 
(erector set girders) 


Fig. 2-8 Animal exercise wheel, made from wire 
scraps left over from pet cage construction (Figs. 
2-1, 2-2). The coat hanger wire axle is long 
enough to hook through the sides or across one 
corner of the cage. 

(Fig. 2-2). For them and for other animals 
such as squirrels, mice, chipmunks (almost 
all rodents), you may wish to add an exer- 
cise wheel. The “ferris wheel” type can be 
made from a leftover strip of wire screen- 
ing for the tread, coat-hanger wire for the 
axle, and metal strips or Tinkertoy sticks 
for cross-arms or braces (Fig. 2-8). The 
wheel must run easily with one “rat 
power.” 

Rats require about 3 weeks for ges- 
tation. During late pregnancy the male 
should be removed to another cage. His 
presence at this time sometimes makes the 
female so nervous she may kill the new- 
born young. Give the mother some par- 
tially shredded newspaper or paper towel- 
ing with which to make a nest. 

The young grow hair and open eyes in 
16-18 days. They should stay with the 
mother about 21-24 days. Prolonged nurs- 
ing is hard on the mother, Begin weaning 
by feeding the babies milk, bread soaked 
in milk, and lettuce. A few drops of cod 
liver oil on bread should be given twice a 
week. When the young are a month old, 
they may be given the same diet as the 
adults, i.e., bread, bread and milk 
carrots, sunflower seeds, etc, 
small samples and they select 


, lettuce, 
Offer pets 
or reject as 
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the various foods meet their needs. 

The babies may be picked up as soon 
as their eyes are open and it seems not to 
worry the mother. Condition her to accept 
your handling by slow gentle movements, 
talking to her and feeding her a bit of car- 
rot or chocolate as you return her to her 
young. Frequent brief and judicious han- 
dling of white rats gentles them quickly. 
Show children how to pick up the rats 
without squeezing and yet with gentle 
firmness so the animal does not fear fall- 
ing. All animals fear nothing so much as 
close physical restraint. Therefore one must 
give even semidomesticated white rats a 
chance to get used to handling. Always 
move deliberately, never hurriedly or 
nervously, with animals. Gentle them by 


CAPSULE LESSONS 


2-1 After a rain, encourage children to bring 
in earthworms. When you have enough, let each 
child spread one out on a damp paper towel. Ask 
“What Do You See?” Help them decide how 
the earthworm moves. Let them describe its 
body. What are its habits? Are earthworms to 
be valued? (See Comstock, Hogner in bibliog- 
raphy.) 

2-2 Compare native American silkworms 
and their cocoons and moths to the stages of 
metamorphosis in the silkworm used to pro- 
duce silk thread. 

2-3 Encourage the children to discuss asso- 
ciations with the terms hibernation and estiva- 
tion. Let them look up definitions and examples. 
They may wish to induce temporary hibernation 
by subjecting animals to short periods of artifi- 
cial low temperature. Zoologists sometimes use 
this method with reptiles in order to secure pho- 
tographs in slow motion. Lead the children to- 
ward the major concept of animal adaptation 
and implications for space travel. 

2-4 Let children make flannel board draw- 
ings to illustrate phases of insect or amphibian 
metamorphosis they have observed. Why should 
these be arranged in cyclical order? Again lead 
toward major concept of like producing like. 
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frequent quiet fondling, a little at first, 
more as they cease to show fear. Talk 
softly meanwhile, and scratch them behind 
the ears and eventually under the chin. 
Above all, keep your white rats clean, com- 
fortable, and amply but not over-supplied 
with a varied diet which can include a bit 
of anything that humans eat. Now and 
then bring in some green sticks so they 
may gnaw the bark. You may even wish 
to launder your pets or at least their tails. 
A more natural method of cleaning is to 
give them a small sand box in which they 
can rub off any grease on their fur. 

White rats are often used in school nu- 
trition experiments. For further details see 
Chapter 13. 


2-5 If children can secure snake skin, let 
them observe how the eye cover came off with 
the skin. Let the children discuss the relation- 
ship of this fact to the notion of snake blindness 
and irritability during shedding. Let them read 
about the elliptical pupils of poisonous snakes. 
We do not usually encourage elementary agë 
children to collect snakes. We know of one young- 
ster who came on the school bus bearing a huge 
copperhead inside a glass jar. Suppose the Jat 
had been broken! 

2-6 Superstitions about snakes, bats, and the 
like provide a wonderful opportunity for the 
teacher to help the children by research and ob- 
servation distinguish between fact and fancy: 
Teaching Science in the Elementary School reports an 
excellent example of objective dissipation of su- 
perstitions about a grass snake, pp. 74-77, and 
about astrological superstitions, pp. 49-50. — 

2-7 Let the children bring in samples of dif- 
ferent types of hair (fur). Examine under magni 
fication. Let them discover that hair is not the 
same all over an animal's body. Let them lear? 
to recognize outer guard hairs vs. soft underfur: 
and have them learn the function of each. Let 
them look at their pets and see that the fur 5 
thinner underneath, next to the body, and i? 


places where it would be bulky if it were equally 
thick. Compare human and guard hair. 

2-8 One teacher helped the children make a 
feather collection. Their charts and pictures 
showed examples of the following: 
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1952. Specific directions for collecting, keep- 
ing, and observing usual and unusual pets. 

Greenlee, Julian B., Better Teaching Through Ele- 
mentary Science, Brown, 1954. Easy to read and 
challenging teacher reference. The science su- 
pervisor learns with the children. 

Hatt, Robert T., "Stocking a Home Zoo," re- 
print Natural History magazine, Vol. 32, No. 6, 
Nov.-Dec., 1932. Excellent photos of small na- 
tive mammals and illustrations of live traps. 

Hogner, Dorothy, Earthworms, Crowell, 1953. In- 
termediate grade children will find it fascinat- 
ing to follow directions for classroom or school 
yard earthworm farm. 

— — —, Odd Pets, Crowell, 1951. Directions for 
care of many outdoor animals. Photos useful 
in identification. 

Hoke, John, First Book of Snakes, Watts, 1952. In- 
termediate. Directions for making cages. Pre- 
sents myths vs. facts about common snakes. 

National Audubon Society. Free list of publica- 
tions on all aspects of outdoor science and 
conservation. 

Pels, Gertrude, Care of Water Pets, Crowell, 1955. 
Intermediate. Excellent sourcebook on care 
of fish, turtles, frogs, snails, and the like. 

Podendorf, Illa, True Book of Pets, Childrens 
Press, 1954. How to care for common pets. 
Two valuable pages of Suggestions for ke 


ep- 
ing pets comfortable and healthy. " 
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Turtox Service, White Rats, Leaflet No. 40, Gen- 
eral Biological Supply House, Chicago, Ill. 
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care and feeding and for teaching activities. 
Useful appendix and bibliography. 

Walker, Ernest P., Care of Captive Animals, from 
Smithsonian report for 1941, pp. 305-66, 
publication No. 3664, Smithsonian Institu- 
tion. Very useful and inexpensive, with 12 
plates. 

— — —, First Aid and Care of Small Animals, Ani- 
mal Welfare Institute, New York, N.Y., 1955. 
The most valuable publication for its size and 
price. 

Wormser, Sophie, About Silkworms and Silk, Mel- 
mont, 1961. Delightful for primary grades. 
Much information. 


Insects and related animals 


Why study insects? Is it worth the trou- 
ble? In answer to the first question, we be- 
lieve children learn about themselves by 
Studying other living things. Children 
watching insects learn to observe. They 
are practicing a part of the methods of sci- 
€nce when they use patience and care in 
their observations. They forget about 
being annoyed by insect life if they are en- 
Couraged to watch it. They begin, even 
without being told, to see interrelation- 
ships with plant and other animal life, 
with climate and seasons. They begin to 
have a basis for understanding more gen- 
eral concepts such as adaptation, variety, 
and balance. 
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. lf you are squeamish about handling 
insects, some of your children will be 
Proud to handle and care for insect guests. 
Better still, they will find and collect in- 
Sects for you in almost limitless quantity 
and variety. In the warm days of early fall 
(September is the best month in temperate 
zones) bring in one or more insects in a 
Plastic container. A “brace” of crickets 
Who feel enough at home to chirp during 
à quiet interlude will loose a flood of dis- 
Cussion, and a subsequent flood of insects 
will likely be brought to school! 


Cricket cage 


Making your crickets, or indeed any in- 


sect visitors, comfortable in the classroom 
requires close observation (bolstered by re- 
search or reading) to see how insects live. 
Learning how to care for insects should 
ideally precede capturing an insect, but 
generally it does not. In order that you can 
be somewhat forewarned and forearmed, 
this is how you may set up a cricket cage. 
Plant a plug of fresh grass or clover in a 
small flower pot (Fig. 3-1). Set over this 
and imbed firmly in the soil a glass lamp 
chimney or a roll of heavy cellophane or 
fine wire mesh. Lamp chimneys are usu- 
ally available from hardware stores; heavy 
cellophane is safer but more easily tipped 
over; wire mesh affords less visibility. 
Cover the top with cheesecloth. If you en- 
tertain tree crickets, place inside the chim- 
ney a twig on which they can climb. 


Fig. 3-1 Cricket cage. Set the flower pot in a 
saucer of water from which it can absorb moisture. 
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coffee can 


screening 


Fig. 3-2 Cage for large insects. The wire mesh 
affords less visibility than the lamp chimney but 
may be safer for young children. 


Cage for large insects 


Use a strawberry basket cage (plastic 
mesh) for larger insects, or use a big 
flowerpot with a roll of wire mesh or stiff 
cellophane capped by a coffee can (Fig. 
3-2). Plant with a plug of grass or clover. 
A shallower can provides greater visibil- 
ity. For example, use an inverted pie tin 
on top instead of the coffee can and weight 
it down with a brick or book. (See p. 49 
for instructions to set up a fresh-water 
aquarium for dragonflies. ) 

A temporary cage can be made from an 
ice cream or cereal carton. Window 
screening may be cut with garden scissors 
and stapled in place over an observation 
window cut in the carton. A wire kitchen 
strainer may serve as the cover. Since such 
a container obviously does not provide the 
natural humidity evaporating from the 
soil and plants that is provided in the 
cricket cage, it is only for temporary quar- 
ters. 

Grasshoppers, walking sticks, praying 
mantises, and the like will be comfor- 
table in a cage made from a pint jar in- 
verted over a bunch of grass and twigs 
Set in a container of water (Fig. 3-3). 
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Make a hole in the bottom of a carton 
and invert over the foliage, covering the 
hole with the jar as shown. 


Terrarium garden 


To make a terrarium garden for insects, 
use a terrarium or aquarium or gallon jar 
with cover. Cover the bottom with an inch 
layer of fine gravel. Scatter a few small 
pieces of charcoal (available at a pet shop) 
on top of the gravel. By absorbing waste 
gases, the carbon will prevent the soil from 
becoming sour. A piece of limestone neu- 
tralizes soil acidity. Add a layer of soil, a 
layer of sand, and another layer of garden 
soil. Now plant grass seed, mixed whole 
bird or chick feed, corn, oats, or any of the 
grains. Put crickets, katydids, or grasshop- 
pers into the container. Sprinkle enough 
water on the soil to keep it moist but not 
soggy. If you put in caterpillars, bring in 
some of the plant leaves on which you find 
them. Stick the stems into the soil or into a 
pill bottle sunk into the soil so the mouth 
of the bottle is flush with the surface. Per- 
haps you will let the children discover for 
themselves that praying mantises, spid- 
ers, and other insect-eaters should be 
placed in solitary confinement. Or you 
may wish to help children plan for such 
problems ahead of time. 


Spider observation cage 


A good observation cage (Fig. 3-4) for 
smaller spiders may be made from s!* 
2" X 2" square pieces of glass of the sort 
used to cover 35 mm color film slides. 
These are available in quantity from 4 
camera store. They can be put together 
with Scotch tape to form a cube. There 15 
sufficient air in the cage for small spiders; 
enough for a week’s time. You should 
never keep insects or any other creatures 
in the classroom for more than a week oF 
two at most. Since the children tend to dis- 
regard them after this time, the creatures 
ought to be turned loose once more. 


w Ace. wa. OTUS 


Fig, 3-3 


(b) 


i i i than that in Fig. 
i i tainer gives the insect more room 
large insects. This con 
(a) Another cage for 
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In your "'yivarium." (Leonard Lee Rue III.) 


Insect incubator 


With silkworm eggs or any other egg 
Masses that the children may bring in, you 
Vill need a container that provides both 
Visibility to you and shelter to the va 
ing insects. Place the egg mass inside the 

?X. Make a hole in the side ofa card- 
board box just big enough to insert the 
neck of a vial, bottle, or tube. When the 
insects emerge from the eggs you have 
Placed in the box, they will move out into 
the glass bottle or tube where you can see 
them. (See also p. 7.) 


Insect collecting 
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Fig. 3-4 Individual insect cubicles for 1-day 


Children can often find many different close observations. 
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net curtain 


Fig. 3-5 


Homemade insect net. 


kinds of insects in a weed patch. For col- 
lecting, use an old net curtain or netting 
stretched between the children, in the 
manner of fishermen seining in shallow 
water. At the edge of the weeds, the chil- 
dren on the end move in and those help- 
ing move together to fold the curtain in a 
small ball. 'This must be done quickly be- 
fore the insects fly off. The curtain is then 
unrolled very slowly and whatever re- 
mains sticking to it is popped quickly into 
containers. Small plastic boxes and con- 
tainers are much safer for collecting than 
the traditional glass jars. Caution children 
to free stinging insects (e.g., bees, wasps, 
hornets). Encourage them to look for a fly 
which resembles a bee. 

For individual collecting of fast-moving 
insects, children can make nets from a 
wire coat hanger, an old net curtain, and 
a broomstick (Fig. 3-5). The net should 
taper to a point and be long enough to 
fold over to entrap the catch. 


Insect anesthetics 


For close examination, insects can be 
temporarily anesthetized with carbon di- 
oxide. Generate carbon dioxide (CO.) gas 
(see Chapter 12) from vinegar on baking 
soda or from a lump of dry ice in a bottle. 
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The carbon dioxide leaves the bottle 
through a one-hole stopper fitted with a 
tube. Place insects in a bottle from which 
carbon dioxide gas has displaced water. 
When the insects become quiet, the chil- 
dren can look closely at a bee’s stinger, a 
hornet’s jaws, the antennae of a moth, the 
wings of a butterfly, spider spinnerets. The 
insect usually recovers within a few min- 
utes from the effects of carbon dioxide. 


Killing jar and relaxing jar 


Screw-top pint jars or any widemouthed 
jars will do. Place a wad of cotton in the 
bottom. Cover the cotton with a circle of 
blotting paper, a cardboard full of holes, 
or separate strips of paper laid on each 
other to form a mesh. Soak the cotton with 
Carbona (carbon tetrachloride) or some 
insecticide containing DDT. Do not use po 
tassium cyanide in the elementary classroom! 
However, caution children against direct 
inhalation of fumes from either Carbona 
or dust from DDT. Re-cover the jar and 
put in the insects, screw the cover on 
tightly, and leave until the insects are un- 
doubtedly dead. A bottle or jar with an 
ounce or so of rubbing alcohol in it will 
kill most insects except moths and butter 
flies. 

A dead insect is usually very dry and 
stiff and must be relaxed before it can be 
mounted. For this, prepare another jar 1? 
the same way as for the killing jar, but n^ 
stead of cotton, use a small sponge damp- 
ened with water. Leave until the insect $ 
body is flexible and its legs can be move 
without breaking. 


Stretching board 


Once the dead insect's body is made 
flexible by the relaxing jar, the insect must 
be spread out to dry in the position re 
quired for mounting. Commercial stretch- 
ing boards are not expensive (see appendi* 
for list of supply houses). However, chil- 


dren may enjoy making their own. The 
main requirement is a material into which 
Pins will go easily. Use soft wallboard such 
as Cellotex obtainable from lumberyards. 
The second requirement is to space two 
strips of wallboard 2” wide and 12” long 
with space between for bodies of different 
sized bugs (Fig. 3-6). Most commercial 
Stretching boards are mounted on a slight 
angle, but this is not essential. However, it 
is important that the slot be tapered, vary- 
ing gradually in width from 4" to *4". 


Mounting insects 


If you can secure long thin insect pins 
from a biological supply house, they will 
readily go into the bottom of a cigar box. 

Se corrugated paper to make a false bot- 
tom for the box. The label bearing the in- 
Sect’s name, the date and locality of collec- 
tion, and other data go on the pin just 
below the insect (Fig. 3-7). Regular com- 
Mon pins sometimes split the bodies of 
Small insects and are too short to reach the 
bottom of a cigar box, but they will do. 
Cigar boxes and pins are suitable for bee- 
tles, grasshoppers, etc. Be sure to include a 
Moth ball or lump of paradichlorobenzene. 

Wide-winged insects such as moths and 
butterflies mount better in a different way. 
Adapt the traditional glass-covered Riker 
Mount by using a shallow box such as 
a hosiery box. Cut out all but a narrow 


Fig. 3-7 


Fig. 3-6 Stretching board. A commercial board 
could serve as a model. (From G. Blough and M. 
Campbell, Making and Using Classroom Science 
Materials in the Elementary School, Holt, Rinehart 
and Winston, 1954.) 


margin near the rim of the cover and re- 
place with cellophane. Fill box nearly to 
the top with absorbent cotton. Arrange 
the butterflies or other insects on top of the 
cotton, add labels beside them, and close 
the cover. Again include a few moth flakes 
to deter creatures which might wish to eat 
the soft bodies of insects in the collection. 


A “Berlese” funnel 


If you have a good hand glass or low- 
power microscope and set up the equip- 
ment as shown in Fig. 3-8, you will be 
astonished to see the variety of animal life 
existing in most soil. Scoop up a cup or 
two of well-rotted woods soil or garden soil 
under shrubs. Place in a paper funnel 
under a 100-watt bulb overnight. Window 
screening across the bottom of the funnel 


identifying 
label 


Insect mounting. Inasmuch as the small printing required on labels may be difficult for children, 


Numbered tags corresponding to a numbered list may be substituted. (From G. Blough and M. Campbell 
Making and Using Classroom Science Materials in the Elementary School, Holt, Rinehart and Winston 


1954.) 


CARE OF INSECTS 23 


100 w bulb 


-«- well-rotted 
woods soil 


window 
screening 


alcohol 


Fig. 3-8 A "Berlese" funnel. A larger funnel will 
collect more light to drive out the soil insects. 


keeps dirt from falling through. Under- 
neath place a jar of alcohol to preserve in- 
sects which drop through. Since soil insects 
detest light and heat, they will burrow 
down through the soil and through the 
screening. 

Now that you know ways of collecting 
and caring for insects in the classroom, 
what insects should you study? Generally, 
those which you and your children can 
find. The preceding suggestions for care 
may have to be amplified for some species. 
We will not attempt to make recommen- 
dations for the nearly 750,000 identified 
species of insects. In the following discus- 
sion some of the more common forms are 
described. 


SOLITARY AND SOCIAL INSECTS 
Ants 


Ants are valuable for study because 
they can be found almost at any time and 
any place, even in a city. Children will find 
ants of various sizes, from minute to large. 
Medium-sized ones are best to watch in 
the classroom. Ants are found in various 
colors: black, “red,” brown, and combina- 
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tions of colors. Sometimes children will 
find ants of different colors in the same 
nest. For example, one kind has a rust-red 
head and thorax with brown legs and ab- 
domen. In the same colony we may find 
black or ash-colored ants. These last are 
the slaves of the brown species. They have 
been stolen as larvae or pupae from an- 
other nest by the "slavers," brought home, 
and reared as part of the family. 

Children know or will observe that ants 
are always found living together. Ants, 
like bees, are social insects. Wasps, bum- 
blebees, and many other forms are solitary 
insects. 

Children looking for ants to bring to 
school will find them in a variety of homes. 
The largest kinds often build a hill or 
mound made up of a bushel or two of 
small pieces of plant debris. Some ants 
make tunnels in rotten logs. The carpen- 
ter ants make tunnels in living wood. 
Their homes are indicated by small tell- 
tale piles of sawdust at the foot of a tree. 
The sawdust is finer and in smaller amount 
than would result from woodpecker work. 
Most ants make labyrinthine tunnels un- 
derground. Those which have tunnels 
under a flat stone have a cozy nursery for 
their young, for the stone will hold the 
sun’s midday heat through the night. Ifit 
gets too warm in the daytime, the nurse 
ants carry the young deeper in the ground- 
And in winter the whole colony lives deep 
in the ground. 

Ant observation house. Children wh? 
are looking for a colony to bring to scho? 
should be urged to replace the stone care 
fully. Otherwise the inhabitants may be 
frightened away before a classroom home 
is ready for them to move into. The s! 
plest kind of ant nest for school obserV?" 
tion is a screw-top quart or gallon glass Ja" 
Find a block of wood or a tall thin emP'Y 
can to make a hollow core in the center ° 
the jar. Fill in around it partway W? 
sandy garden soil. Leave room for some 


soil from the ant hill and the ants; then 
Permit enough room for a small water 
dish or sponge to go just under the cap 
(Fig. 3-9). If the jar is set on a block of 
wood in a pan of water, the ant guests will 
be dissuaded from leaving. Put black or 
dark paper around the jar, except when 
watching the ants. Otherwise the ants will 
make their tunnels toward the center 
where they cannot be seen. Keep the jar in 
a relatively warm place but not in direct 
Sunshine. The soil should be relatively 
Moist. 

Another kind of nest may be constructed 
from two window panes of the same size 
and modeling clay (Fig. 3-10A). Lay one 
Pane on a block of wood which rests in a 
Shallow pan of water. Make clay labyrinths 
about 1” wide and 1” high. Press down 
the second window pane as the cover to 
be lifted when you wish to feed or water 
the colony. The glass should be covered 
with dark paper when the ants are not be- 
Ing observed. 

A third kind is made from a pair of win- 
dow Panes set vertically in wooden blocks. 
This is done by routing out two channels 
'n the wood just wider than the thickness 
of the glass (Fig. 3-10B). The glass is sepa- 
"ated by four 34-1" wood strips. The 
Whole is taped together at the edges except 
the top strip which can be lifted out. Drill 
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Fig. 3-9 Pickle-jar ant nest. The moated enclos- 
Ure restrains "little wanderers." The hollow core 
makes ant tunneling more easily observable. 
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frame 
details 


Fig. 3-10 


(a) Horizontal view of ant labyrinths; 
(b) cross-sectional ant nest. This observation frame, 
if large enough, might also be adapted for use as 
an observation beehive. (See Fig. 3-13.) (From G. 
Blough and M. Campbell, Making and Using Class- 
room Science Materials in the Elementary School, 
Holt, Rinehart and Winston, 1954.) 


three small (!?") holes in the top strip. 
These holes should be corked except dur- 
ing addition of food or water. Use a medi- 
cine dropper to avoid giving too much 
water. Tape the sides and bottom with 
colored masking tape no less than 14” 
wide. Cut the tape so that it lies over itself 
to make secure corners. Commercial nests 
complete with inhabitants are available 
through large department stores or Scien- 
tific supply houses. The nest is very simi- 
lar to the third kind of nest suggested, 
Ant food. As with many other animals 
temporarily detained in the c 
ants should receive a varied di 
small amounts. Uneaten food 


lassroom, 
et in very 
should al- 
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ways be removed before any more is added. 
Try bread or pastry crumbs, sugar water, 
honey, fruits, bits of bacon, other insects, 
vegetables, and seeds. Ants can swallow 
only food which they chew up and re- 
duce to liquid form. The proportionately 
large abdomen of the ant is for storage 
of this liquid nourishment. Usually the 
food gathered is carried back to the nest to 
feed the growing larvae or grubs. Occa- 
sionally the children will see examples of 
“refueling” of other ants. One of these 
may halt the food carrier, touch it with 
the feelers, and presently be rewarded with 
a drop of liquid food from the mouth of 
the worker. 

Ant collecting. With a classroom home 
prepared and plans for feeding made, the 
children will soon help you bring in a col- 
ony. Go equipped with a garden trowel, 
a large piece of old bedsheet or other white 
cloth or paper, and two narrow-necked 
plastic bottles with stoppers. Lift off the 
stone cover of the nest and lay one of the 
bottles flat on the ground. Steer the ants 
into the bottle until you have about one 
hundred. Stopper securely. In order to 
have a colony that will last more than 2 
or 3 weeks, you must now find a queen. 
Dig rather deeply and spread out the 
soil on the white cloth or paper. Find 
one ant which is much larger than the rest. 
This is the queen. She is merely an egg- 
laying machine, not the ruler ofthe colony. 
Guide her into the second bottle, along 
with some of the earth in which you find 
her. The colony tends to thrive longer if 
the children also collect in a shoe box as 
many of the immature ants as possible. 
Ant eggs are so tiny they are almost impos- 
sible to find except with a hand lens. The 
grubs or larvae look like translucent rice 
grains, pointed at one end. One author 
compares them to miniature crook-neck 
squashes. The cocoons which contain the 
pupae are the third stage in ant meta- 
morphosis. These are yellowish and about 
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the size of wheat seed. They are commonly 
sold as food for miniature turtles. One of 
the authors met a young business man in 
third grade. He had found or started an 
ant colony in an old bathtub abandoned 
on a vacant lot. He did a thriving busi- 
ness selling the ant “eggs” (really cocoons) 
to his friends who owned turtles and gold- 
fish. The soil from the old nest and the im- 
matures should be put into the new home 
first; then include the workers and lastly, 
with care, the queen. Once the nest is set- 
tled and the queen begins laying, the nest 
may be unplugged or removed from the 
pan of water. If the nest is placed near 
some opening to the outdoors, the workers 
will come and go freely for the entire year. 

Ant castes. As the children will soon 
learn, life in the ant world appears almost 
as highly organized as human society- 
There may be as many as eight castes in 
an ant hill. Except for the queen and the 
drones who provide the continuation of 
the species, the most important caste con^ 
sists of the workers. The first eggs the queen 
lays in a new nest will hatch into workers: 
You have already read about the nurse ants 
who are kept constantly occupied moving 
the young from upper to lower nurserie$; 
depending on the temperature. We have 
seen food gatherers “bringing home the 
groceries" and stopping en route to pass 
a mouthful of liquid nourishment to à fel- 
low worker. The myriad tunnels in an ant 
nest are the work of the builders. As in any 
communal living, cleanliness is essentia. 
Some workers seem to have the speci? 
task of carrying refuse to a heap in one 
corner far from the brood. 

There are the soldiers who guard the 
entrance of the nest. Let the children !?: 
troduce some ants from another nest ce 
watch what happens. Whichever ant !5 p^ 
guard will rear on its hind legs, throw * a 
formic acid toward the intruder, and clos 
: " A PT 
in, trying to cut him in two with its J@ it 
Or remove an ant from the nest and put 
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Fig. 3-11 Aphids, aphis, or plant lice. These tiny, 
innocuous looking insects are a scourge to plants. 
Some Species are mealy white; others are juicy 
Sreen. (Hugh Spencer.) 


back after a few days. Notice how the sol- 
dier ant on guard will carefully go all over 
the intruder with his feelers. It is said that 
ants depend on their sense of smell to 
now other members of their nest. 
_ One very interesting group of workers 
I5 that group which herds ant “cows.” By 
ant cows we mean aphids or plant lice 
(Fig. 3-11). (See also pp. 30-31, on 
aphids.) Both the common green and the 
Woolly aphids are slow creatures which 
Settle on the stem or leaf of a plant and 
live by sucking sap through the bill or 
Sucking tube. Through the alimentary ca- 
nal they give off a sweet juice sometimes 
called “honeydew.” Ants like this honey- 
dew. By stroking the aphids with their feel- 
STs or antennae, they can “milk” their 
“cows” of the sweet juice. Usually where 
one finds aphids on outdoor plants, one 
nds ants climbing or descending the stem. 
Some kinds of ants carry aphids under- 
8tound in winter to suck on the roots of 
Plants. Thus the ants have a year-round 
Supply of “milk.” One interesting species 
of ants carries pieces of green leaves under- 
Sround to rot and form leaf mold. In this 
Caf mold these ants grow mushrooms 
“pon which they feed. : 
ne morning at a desert campsite, one 
of the authors watched the most astonish- 


ing parade of ants. Each ant was holding 
over its head a moon-shaped section of 
leaf. Since it was late spring and the desert 
sun became hot early in the day, we 
thought the ants were sensible to provide 
themselves with parasols! Probably these 
ants were mushroom growers, carrying 
their bits of vegetation quickly under- 
ground to preserve its precious moisture 
and promote molding. 


Winged ants and termites 


Now and then an area may become 
clouded with what appear to be winged 
ants. The queen and the male ants of the 
nest have grown wings and taken off on 
a nuptial flight. One of the males mates 
with the queen, who then returns to the 
nest. She sheds her wings and starts the 
egg-producing process all over again. All 
species of ants do this. Sometimes the 
winged forms are the queen and males 
from a termite colony. 

Termites are commonly called white 
ants because at first glance they do look 
like pale, thick-bodied ants. Actually they 
belong to an entirely different insect order, 
However, all winged termites as well as 
all winged ants are either male or female. 
The workers are sexless. Since termites are 
found almost everywhere, the children 
may be able to bring in examples of ter- 
mite work. If they bring in living termites, 
handle them carefully lest some escape in 
the school building. A builder or contrac- 
tor will save samples of termite damage 
for you. Some builders or contractors or 
insect exterminators will take time to visit 
the school to answer the children’s ques- 
tions about termites. (Check your tele- 
phone directory for local pest control ex- 
perts.) 

Your children may wish to Observe ter- 
mites at work. In a pan of damp soil im- 
bed a block of soft wood about 2” thick, 
Drill 1 or 2 holes in the wood to accommo- 
date the termites. Drop them in and plug 
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Fig. 3-12 


be installed in a classroom window. 


with soil. Cover the sides of the block with 
glass panes. Seal the top of the block with 
tape or a strip of glass. 

Much remains to be discovered about 
the habits of ants. For instance, scientists 
believe ants recognize each other by a 
sense of smell. They apparently communi- 
cate with their feelers. Yet no one has 
proved this idea. We suspect, but do not 
really know, that the sense of smell en- 
ables ants to find their way back to the 
home nest. A study of ants or other social 
insects may lead children to draw some 
interesting comparisons between the or- 
ganization of human and insect societies. 
A primary grade study of community 
helpers should help children see that hu- 
mans (in democratic society) have some 
choice of jobs. 


Bees 


Much of the detail in the preceding sec- 
tion on ants also applies to bees. Bees are 
also highly organized, social insects. They 
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lower window 


onto extension piece 
with slot 


glass front 


(b) 


(a) A bumble bee, pollinating a flower. (Leonard Lee Rue Ill.) (b) Observation beehive, to 


are so successful in their adaptation that 
some other insects try to imitate them. 
Children often mistake harmless flies that 
closely imitate the bee for the real thing. 
Not all bees are social insects. The car- 
penter and bumble bees (Fig. 3-12A) and 
most wasps are solitary insects. Perhaps 
the children will enjoy Charles Darwin’s 
famous speculation about bumble bees. 
He once said that the English soldier 
would have to go without his bully beef if 
it were not for the old maids of England. 
For the old maids kept cats which caught 
mice. And vacant mouse holes made ideal 
homes for bumble bees. The bees were re- 
sponsible for pollinating the clover 0? 
which English beef was fattened. The 
story goes that the first Australian clover 
crops were a failure until somebody 
thought to import hives of bees. 
Observation hive. An observation hive 
with an opening to the outside is a year- 
long source of interest and information tO 
the children (Fig. 3-12B). Secure a stand- 


ard frame from the nearest beekeeper and 
build the “beehive” around it as shown in 
Fig. 3-12B. The “hive” is set up at the 
classroom window with egress to outdoors 
through the slot down in Fig. 3-12B. 
Check your local town ordinances to be 
Sure there is no prohibition of beekeeping. 
Perhaps a local beekeeper can help you 
Set up the observation hive. Watching a 
beekeeper hive a swarm is an unforget- 
table experience. 

Help children understand the chemical 
reaction in neutralizing the acid of a bee 
Sting or other insect bites. Diluted house- 

old ammonia or milk of magnesia is very 
Soothing, but ordinary mud is usually a 
More available neutralizer. 


Wasps and hornets 


As with bees, some species of wasps and 
„Ornets are solitary, and some are social 
Insects, Again, as in all our insect study, 
close Observation begets interest, skill, and 
ie Pect—and dissipates fear and supersti- 
d (See Fig. 3-13A, B for a comparison 

€ wasp and hornet.) 

wa, Curious nests of the mud-dauber 
“sp lead us to a study of a solitary wasp. 
he these tube-shaped cells under 
in ow ledges, under the eaves of a build- 
8, or under the overhanging planks of a 
m If we break open the cells, we find 
gs, n empty, some with a fat white 
sil and a half-eaten spider, some with a 
En cocoon, or some nearly full of spi- 
fib and the wasp’s egg at the top of the 
Pas If the life cycle (metamorphosis) has 
t n completed, we might find all the 

ubes empty, 
Look especially for mud wasp nests 
Mi Water. In the early summer watch for 
iiy at the edges of pools or puddles. 
ro : the wasp leaves many little holes 
e ™ which she draws mud to mix with 

7 Saliva to make cement for her nest. 

as fre are about 70 species of mud 
Ps in our United States. Some, such as 


ne; 


the potter wasp or jug-builder, provision 
their nests with caterpillars instead of spi- 
ders. The jug-builder uses animal hairs to 
reinforce her nest. 

Yellow jackets and white-faced hornets 
are wasps that live as social insects. They 
may be regarded as the original paper- 
makers for both make nests of chewed 
wood pulp. These nests are a marvel of 
design and construction. However, the 
yellow jackets make somewhat finer-tex- 
tured paper. They make the wood pulp 
from bits of wood pulled off old fences or 
boards which is then laid on in thin layers. 
Depending on the wood source, the layers 
may have different colors. The method is 
exactly the same in principle as that used 
by commercial papermakers today. 

Sometimes a windstorm brings down 
one of these wasp apartment houses. 
It deserves careful and close examina- 
tion. Check first to be sure the former 
adult inhabitants have departed. Yellow 
jacket bites can be toxic to some indi- 
viduals. 
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Ant lions 

In dry fine pulverized soil along a road- 
side or stream, one may notice a series of 
miniature craters or pits (Fig. 3-14). These 
are made by the larval form of an insect 
that looks like a small dragonfly. These 
*doodlebugs," as some children call them, 
lie in wait at the bottom of the pit for 
whatever unwary creature may tumble in. 
To find out which pits are manned and 
which are empty, use a grass stem or fine 
twig to start a few grains of sand tumbling 
down from the rim of the pit. If this causes 
a spasmodic twitch at the bottom, Mr. 
Doodlebug is at home. It takes a quick 
and mighty scoop of the soil around the 
crater to catch the trapper. Even then, 
you may miss him if you do not look 
sharply, for his soft oblong body is coated 
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Fig. 3-13 (a) A European hornet and a hornet's 
nest. This hornet, like the yellow jacket, has a 
rather heavy waist and folds its wings like a fan 
so that they do not obscure its body. It is a social 
insect. (Stephen Collins from National Audubon 
Society.) The nest in which the hornet lives with 
other members of its species is constructed of pa- 
pery chewed wood pulp. It is fastened at the top 
to a tree branch or some similar support and has 
its entrance near the bottom. (George Porter from 
National Audubon Society.) 


and camouflaged with sand and dust. If 
you catch a few, they may dig pits for you 
in the school room if you put them in ajar 
or empty aquarium with fine, dusty sand 
of the consistency they like. 
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(b) 

(b) A mud-dauber wasp and its nests. The mud 
dauber may be distinguished by its slender, shiny 
black body with its threadlike waist. Its wings, 
which glisten green, blue, and purple, fold beside 
each other over its back. It is a solitary insect. 
(Alfred Renfro from National Audubon Society.) 
The mud dauber mixes mud with saliva to form 
cement which it plasters to the underside of n 
roof or other sheltered spot in a tube about 1 
long, with a smooth inside and rough outside. It 
then proceeds to sting spiders so as to paralyze, 
but not kill, them. After filling the nest with the 
spiders and depositing an egg, the wasp seals 
the end of the tube with more cement. The e99 
hatches into a grub, which feeds on the fresh 
spider meat provided by its mother. (L. G. Keste- 
loo from National Audubon Society.) 


Aphids 

Aphids suck sap from plants. Some ants 
draw honeydew from their aphid cow$ 
or carry aphid eggs underground for the 
winter. In the spring the ants carry thé 


Fig. 3-14 An ant lion (Myrmeleonidae) and its ant traps. These are common in fine dry sand even in 


city parking lots. (Hugh Spencer.) 


“ggs to a plant stem or leaf where the eggs 
he hatch. Sometimes children will notice 
L ybugs among the aphids on a plant. 
oe and the larvae from which they 
Py both eat aphids. In fact, commer- 
rowers buy ladybugs to combat 
?Phids in their orchards and truck gar- 
i. Anyone who likes roses, cherry, 
he and other rose relatives, and citrus 
l °S Should be especially hospitable to 
adybugs, 
Sometimes people spray plants infested 
d "s and next day the aphids are 
hia as ever. Perform two experiments to 
erstand why, Find three branches of 
Out the same size with about the same 
© infestation of aphids. To a quart jar 
oil ha soapy water add a teaspoon of 
ou ‘epee oil or kerosene). Shake thor- 
mine Y and spray one branch with the 
eter Tie a plastic vegetable bag 
Or nd the branch. Clean the spraygun 
With En and spray the second branch 
inse any kind of insect spray designed for 
e “ts that injure by chewing plant parts 
be Tosebugs, Japanese beetles, potato 
tie | ). Also cover this branch with a plas- 
exce *8. Do nothing to the third branch 
n Pt tie it up in a bag. In a day or two, 
-55 the sun is so hot it has caused steam 
orm inside the bags, you should find 
Y few aphids on the branch sprayed 


Siz 


Ver 


with the oil-water emulsion. Aphids be- 
long to that group of insects that sucks 
rather than chews. For this reason, the 
oil emulsion clogs the spiracles or breath- 
ing holes along the sides of the aphids, and 
they literally suffocate. Conversely, the 
poison spread on the leaves and stem will 
not affect the aphids. This experiment will 
remind you of the occasional soap and 
water bath recommended for plants in 
the classroom (p. 78). The third branch 
should illustrate how aphids hurt plants 
and how fast they multiply. Try again 
with an infested indoor plant. Make a 
rough estimate of the aphid population 
when you bag the branch and again in a 
few days. Let the children suppose what 
would happen to our plant population if 
aphids multiplied unchecked. Estimate 
the eggs in insect egg cases, e.g., praying 
mantis. Suppose 50 per cent of insects did 
not live on other insects. The insect popu- 
lation would be that much more abund- 
ant than it is already. 

There are over 8000 forms of aphids. 
You are most apt to find these “drops of 
sap on legs” represented by the green 
aphid, almost the color of the plant, and 
the woolly aphid, the body covered with 
tiny cottony fringes. Urge children to 
bring in empty insecticide containers, By 
studying the labels, they will see that the 
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(a) (b) 


Fig. 3-15 Three stages in the life cycle of a cecropia moth. (a) The caterpillar feeds on leaves, gen- 
erally of orchard and shade trees, for about 5 weeks. It grows in length from about 1⁄4” to as much ce 
3", becoming quite thick, and sheds its skin four times, changing color from all black, to yellow with 
black tubercles, to yellow with blue and orange tubercles, to green with blue, yellow, and orange 
tubercles. (b) The cocoon, often called the "'cradle cocoon," is shaped like a hammock and suspended 
from a branch. It has a thick, paperlike outer wall and a thin, firm inner wall, with insulation of loose 
silk between. After the cocoon is complete, the caterpillar sheds its skin for the last time and passes 
the winter as a pupa. (c) The adult moth emerges in the spring. Its wings are brown with clay-colored 
margins and are crossed by a red-bordered white band. Note the characteristic quarter-moon mark- 
ings, also white with red borders, and the short, feathery antennae. The adult, which never eats, may 
have a 6⁄2” wing-spread. It is the largest of the American silkworms. (Hugh Spencer.) 


liquids are to be used against chewing in- are coiled up like a spring. Moth antennae 
sects, the powders against the sucking are shorter and feathery in appearance. I 

types of pests. A study of insecticides could some cocoons and chrysalids are found 
also provide opportunity for safety lessons during the fall and winter and cared for 
on care in storage and handling of house- (see P- 34), the children will find out for 
hold chemicals. themselves that butterflies issue from 2 
naked chrysalis whereas a moth may issue 


from a cocoon which encloses a chrysalis 
Your children will probably try to catch (Figs. 3-15, 3-16). If you have a toy micro 


some of the larger brightly colored species. scope, look at the scales which make uP 
Help them to see that butterflies are such the color in a butterfly's wings. The but- 
delicate creatures that they are generally terfly that one notices sailing along high 1? 
damaged too seriously for mounting un- the air at various seasons is the Monarch. 
less captured in a net and carefully han- A native of tropic America, it has learnt 

dled. In any case you can help the chil- to follow its food plant, milkweed, north 
dren find out that a butterfly's life Span  wardin the spring. Toward fall large flocks 


is short. If any moths are brought in, help of Monarchs drift southward, spots ? 
the children see the difference in the an- color high in the sky. 


tennae of moths and butterflies. Butterflies Mourning cloak butterfly. Childre? 
have two single long antennae, usually may bring in a caterpillar having a black 
ending in a knob. Sometimes the antennae body with white and red dots and scatter 


Butterflies and moths 
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of a Monarch butterfly. (a) The caterpillar feeds only on milk- 
f rest. It attains a length of about 2", maturing in about 

Is o s. Note the long whiplike organs. These organs, two 
ta É ir and frighten away parasites. (b, c) After suspending itself from some 
iect, i a jer e e for in last time and = hu ee chrysalis, 
angs ue a fence, rock, or leaf, is a beautiful green wit dn » : D n: s E ) The 
‘Onarch emerges ond (od on a thistle. Its wings are i enim re ex isi " ur aces ond 
Underneath ah black veins and white-spotted black borders. Noi eS ^ " mal e ite is 
wings, thi whites otted black body, and the long wn i na son e enc s. The 
arch has a | e ‘white-sp for feeding on nectar, and very small front legs. Since it is distaste 
ong coiled tongue, dodging, zigzag movements characteristic of most butterflies. 

ne per tke Society; f, Lynwood M. Chace from National Audu- 


Fi 
L5 Sis Three stages in the life cycle 


M . 
ee eating day and night with interval 


in Gene and is green with yellow and black stripe 


On the 
Mon 
fi 


© birds, it flies leisurely, not with t 
bon © © d; e, Louis Quitt from Nationa 


come a pupa. In 8-16 daysa butterfly may 
emerge. Its wings are rich brown and blue, 
with wide yellowish borders flecked with 


ie Spines. If it is kept and given fresh 
aves such as poplar, elm, and willow, it 
aY suspend itself from a branch and be- 
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m. 


black. Folded, they appear dull and irreg- 
ular, providing camouflage. Keep the 
leaves fresh in moist plastic bags or a 
screw-top jar. For another caterpillar and 
chrysalis see Fig. 3-16A, B. 

Clothes moth. Through research and 
observation help the children understand 
that it is not the tiny flying moth which 
makes holes in wool and fur. It is the larva. 
The children may bring in samples of dif- 
ferent kinds of moth repellent used at 
home. Reading the labels to discover the 
chemicals used is a valuable reading as 
well as science lesson. A parent may be 
invited to help the children make a list of 
different ways to fight insect pests. This 
list might be duplicated and distributed 
to parents of the group. 

Care of chrysalids and cocoons. 
Whether bought from a dealer or found 
outdoors, chrysalids and cocoons must 
be properly cared for in the classroom. 
The problem is to keep them from getting 
so dry from indoor heat that the moths or 
butterflies die or emerge imperfect or mis- 
shapen. Try putting them into a terrarium 
or into a quart jar with sod on the bottom. 
Cover with wire screen or netting. The sod 
must be kept moist. In both cases, as in na- 
ture, the cocoon or chrysalis should not lie 
directly on the moist earth. It will mold. It 
is best to suspend it in mid-air from a 
thread or twig. 

As soon as the inhabitant shows signs of 
emerging, remove it toa quart container 
large enough for it to spread its wings to 
dry. A twig to rest upon will help. When 
the insect is all out, add a dab of cotton 
soaked in sugar water. Watch to see if the 
insect unrolls its long tongue to feed. 


Cockroaches (Croton bugs) 


Cockroaches deserve our attention for 
their history if not for their habits. Cock- 
roaches with 4” wing spread have been 
found fossilized in rock layers 200 million 
years old. Fossil roaches identical to our 
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modern pests have been found. And their 
survival in abundance today is evidence of 
a durable and adaptable organism. City 
children living in older buildings can usu- 
ally catch some for observation. Or a pest 
exterminator may be able to oblige. Keep 
the roaches in a large glass jar with secure 
screw top. Keep out of direct sunlight. The 
bottom should be damp at all times. The 
name, Croton bug, derives from the in- 
sects’ association with water pipes bring- 
ing water to New York City from Croton 
Reservoir. As with ants, keep the jar cov- 
ered when the insects are not being 
watched. Put in some strips of newspaper, 
toweling, twigs, or bits of bark for the in- 
sects to hide under. Feed with small 
amounts of table scraps. The female car- 
ries eggs in a small brown capsule at the 
end of the body until she finds a place to 
lay them. If the children find a capsule, 
let them imbed it in damp sand or cotton 
in a smaller jar with tight cover. Watch 
the young emerge and the changes as they 
mature. 

Silverfish (Lepisma) 

This curious creature, often seen scut- 
tling about the bathroom floor or in thé 
tub, is a living fossil. It has no eyes. It !5 
the only member of its species. It is harm- 
less. It may attack the starch in the paste 
used in the binding of books. 

Crickets 

Let the children find out by trial and 
error what crickets like to eat. If the ch 
dren can catch a pair or more of crickets; 
place them in a flower-pot-lamp chimney 
cage. Keep, if possible, on a sunny ae 
dow sill and keep the sod moist but n? 
soggy. If the food, shelter, and temper? 
ture are to their liking, the patent-leathe? 
fiddlers may delight the children by chirP" 
ing during a lull. Make rough black” 
board sketches of the detail of a mal 
cricket’s file and scraper (Fig. 3-17A)- pe 
male crickets are identified by the long 


hb 


9vipositor (Fig. 3-17B). There is not room 
here to give many other interesting details 
about these little singers. 

Keeping crickets in the classroom may 
lead the children to look for and bring in 
examples of other famous insect “noise 
makers". the katydid, the cicada, and 
the tiny but loud-voiced tree cricket. 


Dragonflies 


Dragonflies hatch from eggs laid in 
the water, (See pp. 49, 52, 57.) We hope 
that Some of your children will use the 
name “darning needle” in speaking of a 
dragonfly. We hope that others will ask 

9 they really sew up children’s lips?” 
._'S will be only one of your opportunities 
n elementary science to combat supersti- 
tion—to help children see for themselves, 
p decide on the basis of evidence, not 
ig and to use rational rather than 

motional thinking. 


Fireflies 


Children who live in the country in the 
E Usually have seen fireflies. Children 
9m the West have not. The same beetle 
ves in both areas. Yet the eastern form 
ne be seen at night; the western one ad 
he “cause it does not glow. Like many 0 
of MI family, the firefly has two pa 
pror cd" The outside wings form a 
wi *ctive cover for the animal. The inside 

Bs are soft and thin and fold up except 
and a flying. Larvae live in the ground 
“Te often known as glow worms. 
Fruit flies 
tie all man’s skill in developing pe 
in p the insects are still with us, an 
Rige numbers. To illustrate the ay 
atch of insect multiplication, grow | 
» Of fruit flies, Usually all this takes is 
iud pint jars with covers and vc 
Srape mellow” (ripe) bananas an ^ 
Too 5; Cover the jars and set ina wart 
Not sunlight) until fruit flies begin 


r 
li 
c 


(b) 
(a) Male cricket, showing flle and 
scraper. (b) Female cricket, showing ovipositor. 
(Hugh Spencer.) 


Fig. 3-17 


to develop from the ripe fruit. Some use 
corn meal boiled 5 minutes in addition to 
the fruit. Keep a record of the number of 
flies in each bottle every day for a week. 
You will probably note an increase. De- 
pending on their facility with numbers, 
the children may be able to estimate the 
rate of increase and project it for a month 
or a year. The figures tell the story. If in- 
sects multiplied unchecked, this would 
soon be a world of insects. 

Another method of raising fruit flies i]- 
lustrates the complete life cycle. Cut off 
the top of a cone-shaped paper cup to 
make a funnel for a jar. Put some over- 
ripe bananas or other fruit in the jar. As 
soon as half a dozen fruit flies have 
hatched from the fruit or entered from 
outside and been trapped, cover the jar 
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bsorbent cotton 


Fig. 3-18 Fruit fly hatchery. The fruit fly is used 
in advanced experiments in genetics because of 
its very short life cycle. 


or plug with cotton (Fig. 3-18). Among 
this half dozen there should be some fruit 
flies of both sexes. The females are larger 
and have a slightly broader abdomen with 
small lines across the end. Males can be 
distinguished by a black-tipped abdomen. 
You may need a hand glass to make sex 
differentiation. 

The eggs may already be in the fruit or 
laid by the visitors. In a day or two the 
larvae should emerge and feed about a 
week before pupation. They can be seen 
better if a bit of crumpled paper or rag is 
dropped into the jar (Fig. 3-18). They will 
crawl out on this to pupate. In about five 
days the pupae change to adults and mate 
soon after they emerge. You now have two 
generations of fruit flies—the ones you 
caught and those you raised. Grandchil- 
dren can be raised as quickly by prepar- 
ing another habitat jar. For closer obser- 
vation place fruit flies in stoppered test 
tubes wrapped in foil. The flies will move 
into the part that is open to the light. 


Insect plant galls 


Insect galls on plants are so common 
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that children are bound to bring them in 
and ask “What is it?” Furthermore, galls 
illustrate a high degree of specialized 
adaptation of certain insects to certain 
plants. For example, the insect which 
causes the oak apple is not the same as 
the one which causes the willow cone gall 
nor the goldenrod stem gall. In each case, 
however, the insect deposits an egg in the 
plant tissues. The larva hatches and be- 
gins to eat its way out. Apparently it se- 
cretes a substance into the surrounding 
plant tissues. Irritated by this foreign se- 
cretion, the plant tissues begin to enlarge 
almost like a tumor, thus forming a con- 
stantly expanding house around the crea- 
ture responsible for it all. Let the children 
cut green galls in half and look for the in- 
habitant. Dry brown galls will generally 
be found vacant. Close looking will usu- 
ally disclose a tiny hole by which the ten- 
ant escaped to the world of free flight. 


Grasshoppers 


Arrangements for keeping atem 
katydids, and the praying mantis W! 
work for their relatives—the grasshopper? 
(see pp. 19-20 for details on making ^ 
sect cages). One word of caution: Do n? 
put grasshoppers into a terrarium plante 
with choice small plants. They are heavy 
eaters and will chew the foliage unmere 
fully. d 

Most children already know a Lam 
deal about grasshoppers. For examP > 
they have great respect for a grasshopP 
ability to jump and escape. Ask the e 
dren to estimate and then measure um 
height of a grasshopper’s jump in crt 
to his size. Many children know it is aaa 
to catch grasshoppers in the early m 
ing. (Grasshoppers do not jump 2$ P is 
when it is cold.) A few may know seit 
related to the temperature. GrasshopP® 
in common with snakes and frogs, d? v € 
have a constant body temperature ^. 
ours. The body temperature of these C? 


fh 


blooded animals is usually a few degrees 
higher than the air temperature. 

_Ask the children how grasshoppers sur- 
Vive the winter. If they have noticed the 
long ovipositor of the female, they may 
dm. out that grasshoppers live through 
bes Spring in the egg stage. A few nymphs 

erge none the worse for wear. 
aoe how many kinds of grasshoppers 
a children have seen. Eventually they 
fer uld bring in or tell you of greater dif- 
Hi in size than of appearance. The 
ar ler forms without fully developed 
gra hh are the nymphs or immature 
pu H Oppers. There is no resting stage or 
e Stage in grasshoppers. 
hill (refrigerate) or anesthetize (with 
^ see above) some grasshoppers, 
Mi to permit the children to look 
anis, ly at the body parts—the leg mech- 
the f and its terrific leverage for jumping; 
airs ii With the toe pads of sticky tenent 

leg which permit climbing the side of a 
Nie ee The grasshopper's facial 
Beni a is a cartoon of solemnity. The 

Compound eyes give the grasshop- 


e 


Ec 180* vision, useful in saving him 
small coming breakfast for a bird or 


Many mammal. Some insects have - 
in x 30,000 simple eyes compounde 
to log eyepiece. Show the children where 
Teathi for the grasshopper's ear and the 
9ro 'ng pores (Fig. 3-19). These pores 
Just Penings, called spiracles, are located 
ich Ove a lengthwise suture or crease 
8$ the Opens and closes like an accordion 
Insect breathes. 
is : mips to all its defense mechan- 
ost € grasshopper can defend itself, as 
Children have experienced, with a 
"ip and secretion of “tobacco,” 4 
and evil-smelling brown liquid. 


House fies 


bitter 


H . 
o ; | 
Sec Useflies are our most dangerous 1n 
cause they are our most common 


Carti 
1 " 
ers of disease. If possible, secure 2-4 


m 


(wings and fore legs removed) 


Fig. 3-19 The grasshopper's ear (tympanic 
membrane) is behind the leg at the seventh or 
ninth somite (body segment). 


sterile Petri dishes of nutrient agar from 
a high school biology teacher or hospital 
laboratory. Capture a housefly and put 
it inside one of the Petri dishes. While it 
is walking around on the layer of agar, 
let a child cough several times into an- 
other dish, re-cover quickly, wipe a pen- 
cil over the surface of the third and re- 
cover, and keep the fourth covered as a 
control. Remove the fly from the first and 
label all four with wax crayon or adhesive. 
Seal all the dishes with tape and put ina 
warm dark place for a week. At the end of 
the time, compare the resulting bacteria 


colonies. 


Mosquitoes 

Next to the housefly, the mosquito is 
probably most harmful to man. However 
this is true only in subtropical and tropical 
latitudes where malaria and yellow fever 
are common. It has been said that 250 
million of the world’s inhabitants suffer 
from malaria. One of the largest cities in 
the United States is in subtropical lati- 
tudes. Here the city park department 
every year introduces into its park ponds 
very small fish similar to guppies. These 
Gambusia keep down the mosquito wig- 
glersin the ponds. The role of the mosquito 
in obstructing the digging of the Panama 
Canal is an exciting chapter in American 
history and geography. Mosquito wigglers 
develop in stagnant water. If you can get 
some from a pond or puddle, keep a jar of 
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Fig. 3-20 Praying mantis, so named for its rev- 
erent position. This is a pose, for the insect is 
poised to ‘'prey’’ upon other insects. The mantis 
is a flne yard bug catcher, however odd-looking! 
(Dade Thornton from National Audubon Society.) 


them in your room until you can see the 
larvae (see Fig. 14-1). Put some in each of 
two other jars. Use the same pond water. 
Sprinkle a drop or two of any kind of light 
oil on the water in one jar. Put a goldfish 
or tadpole in the third jar as the wigglers 
begin to change into adults. Thus the chil- 
dren have practiced on a small scale two 
methods of controlling mosquitoes. In 
some parts of the country the U.S. Bureau 
of Reclamation and/or the Army Engi- 
neers have spent vast sums in draining 
marshes to control mosquitoes. At the 
same time another government service ap- 
pointed to take care of our fish and wild 
life spends much money in flooding areas 
to provide waterfowl for hunters and 
muskrat for fur farmers. The children, 
from their two experiments, should be 
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able to suggest a less expensive and more 
efficient way of controlling mosquitoes 
which maintains the myriad and valuable 
forms of life in a marsh. 


Praying mantis 

This relative of the grasshoppers and 
especially its cousin, the walking stick, 
illustrate the effective way in which insects 
use camouflage. If you see a stick move, 
it may well be the praying mantis. Al- 
though the praying mantis is related to 
grasshoppers, they are his favorite food. 
He catches them by lying in wait, his stout 
front legs poised to pounce. He is often a 
green color like a katydid or tree cricket, 
and therefore hard to find unless you sce 
him move. He moves slowly and with dig- 
nity, as befits an insect 3-5” long when 
full grown. If the children find one and 
bring it to school, they must catch live in- 
sects to feed it. 

Like the grasshopper, the mantis has an 
incomplete metamorphosis; that is, there 
are only three stages in its life history. Ifthe 
children know how one looks (Fig. 3-20), 
they may find its large egg mass in a weed 
patch. Bring an egg mass into the school- 
room and put it into the terrarium or gal- 
lon jar with sod on the bottom. Be sure tO 
cover the jar with fine screening or netting. 
Otherwise the room will be crawling with 
tiny mantises as the warmth hastens hatch- 
ing. Put in twigs on which the young ca? 
climb. Since several hundred hatch from 
one egg mass, the children will realize that, 
as with other insects, there is overproduc 
tion to allow for high mortality. Keep ? 
few to watch. Feed them on fruit flies an 
other small insects. Let the rest go free 
The carnivorous and sometimes cannibal- 
istic mantis is one of the reasons we ar 
not overrun with insects; e.g., don't put 
two in one jar with no other food. 

The mantis was introduced to thé 
United States as a control measure. It 18 


Fig. 3-21 
adult; this insect has a slenderer, more brilliantly colored body than the dragonfly, and it folds its wings 
together over its back when resting, whereas the dragonfly rests with its wings outspread as if in flight. 
(Jennie Lea Knight from National Audubon Society.) (See Figs. 3-23 and 4-11.) 


generally found along the coast and not 
inland. Its cosmopolitan tastes may be il- 
lustrated by the fact that one of the au- 
thors once saw one on the wall of the 
United Nations building in the largest 
City of our country. 


Silkworm 


See Chapter 2 for a discussion of the 
Silkworm. 


Woolly bear (Isabella tiger moth) 


Often during autumn, your children 
may bring in a furry brown and black 
caterpillar. They usually call it the “woolly 
bear.” Some people thought that the width 
of the bands was an indicator of the sever- 
ity of the winter. However, this idea has 
been studied and proved to be untrue. This 
Caterpillar is unusual in that it winters 
as a caterpillar and normally spins its 
Cocoon in April or May. The moth which 
emerges is somewhat nondescript. Because 
of its late cocoon spinning, a woolly bear 
Should be kept outdoors in a box to pro- 
tect it from storms. Keeping it indoors in a 
warm room may kill it. 


(b) 


(a) Damsel fly larva; note visible gills (tail appendages). (Hugh Spencer.) (b) Damsel fly 


WATER INSECTS 

Just as you have enjoyed studying in- 
sects which inhabit the world of air, you 
will enjoy getting to know those which 
live in a world of water. Try looking 
along brooks where the water runs slowly, 
in ponds, or in swampy places. There are 
more apt to be insects where there are 
plants growing in the water. A kitchen 
strainer lashed to an old broom handle 
makes a fine dip net. People who do a lot 
of such collecting use white enamel pans 
in which to spread their catch. The forms 
they want to keep go into small bottles of 
water. Encourage your children to collect 
small plastic containers which may be 
carried together in a canvas knapsack. 
Remember to take along a clean gallon 
can to bring back enough pond water. 
Your new pets will feel more at home in it 
and find food in it which you cannot see 
except with magnification. 

Your “haul” may include larvae of 
damsel flies (Fig. 3-21) or May flies (Fig. 
3-22).If these pupate into adult form, your 
aquarium needs a top of netting or cloth. 
Most of these larvae use the air dissolved 
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Fig. 3-22 
lateral gills. 
showing characteristic curved body, 
tal as in damsel and dra 
From Monkmeyer.) 
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(b) 


(a) May fly larva, showing feathery 
(Hugh Spencer.) (b) May fly adult, 
not horizon- 
gonflies. (John H. Gerard 
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in water through their gills. Instead of be- 
ing in front as in fish, the gills in these 
creatures are usually in the rear. Some, 
like the young whirligig beetle, have these 
feathery gills along the sides of the body. 
Young diving beetles do not have er 
They have a breathing tube at the rear o 
the body. This means they must “come up 
for air." Water beetles also come up for 
air, but, like the water spiders, they "i 
some down with them. By pushing the tai 
ends of their wing covers above the surface, 
they take in more fresh air under En 
wing covers. Two very interesting an 
active insects look much alike. These are 
the water boatman and the back swimmer. 
The back swimmer does just that and the 
water boatman uses a pair of legs like gen 
Like the aphids, these water insects our 
food through their beaks. Boatmen Aet 
on plants, and back swimmers suck othe 
small creatures in the water. 

You will have noticed that water sci 
are built for speed and indeed t at 
quickly. You should see water sien 
Skimming about on the surface. They a 
"walk on the water" because of the Re 
surface tension which sometimes enable 
you to overfill a glass without spilling- 
Water striders are a beautiful example rs 
protective coloration. Their bodies is 
dark above and pearly white below. If k 
underparts were not lighter than the pue 3 
the ground shadow would make the be y 
darker and cause the animal to be ped 
Spicuous instead of blending with t 
background. ^ 

You may be sharp enough to see dow 
on the bottom how a young drager, 
moves when it is frightened. The gills wi I 
which it breathes are inside the rear Kon 
ing. Breathing in draws water into t 
opening; breathing out squirts it out. ce 
sudden expulsion of water makes p 


É t 
young dragonfly shoot ahead like a J€ 
plane. 


Fig. 3-23 Assorted caddis worm cases. These 
interesting stream dwellers build "houses" around 
themselves of such native materials as shells, peb- 


bles, Sticks, and leaves. (a, b, American Museum 
9f Natural History; c, Hugh Spencer.) 


(e) 


Making a fresh-water aquarium 

The fresh-water aquarium need be 
nothing more elaborate than one of our 
familiar gallon jugs. Set it up as follows. 

(1) Wash the jar and put in enough 
Sand to make an inch layer on the bottom 
of the jar; 

(2) In this layer imbed (plant) roots of 
any native water plants, (e.g., utricularia, 
Spirogyra, nitella) you may find on your 
collecting field trip. Hold these down with 
Some pebbles or gravel. 

(3) Bring from the trip a gallon jug of 
Pond or brook water. Tilt the aquarium 


jar so you can pour in this water without 
roiling the bottom. Fill to within a couple 
of inches of the top. If you are also using 
jam jars to make individual insect habitats, 
fill these to within an inch of the top. 

(4) Set the large or small aquariums in 
a north or perhaps an east window and let 
them settle until the water is clear. Add a 
stick and a rock for perching and hiding. 

When you return from your field trip, 
you will bring back many forms for the 
aquarium. In addition to water insects, 
collect tiny-fresh-water snails and sponges 
clinging to rocks. Under rocks in the 
stream you may find the amazing tiny 
houses of stone or sticks which the caddis 
fly larvae build themselves (Fig. 3-23). 
On your first trip, you may be lucky and 
find dragonfly larvae (Fig. 3-24). Certainly 
you will find the cast skin of these nymphs, 
split open along the back and still clinging 
to the rock on which the dragonfly 
emerged to dry and spread his iridescent 
wings in the sun. That anything so fairy- 
like as a dragonfly could hatch from such 
a grotesque goblin as the larva is one of 
the surprises we think you will enjoy. 
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Leaf miner and leaf roller 


Sooner or later your children will bring 
in examples of the work of these insects 
and ask “What is it?” 

The familiar “serpentine mine” (Fig. 
3-25) is caused by the tiny grub of a 4” 
moth which lays its egg on the leaf. The 
grub spends its entire life until it pupates 
between the top and bottom of a leaf. 
This, if nothing else, will prove that leaves 
however thin and papery are composed of 
layers of cells or tiny rooms. 

Insects which cause leaf-rolling are very 
choosy about their leaves. Certain species 
of insects pick only certain kinds of leaves. 
When the egg first hatches, the tiny grub 
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EM pe n 
(a) 
Fig. 3-24 (a) Dragonfly larva, or nymph. (Harold 


V. Green.) (b) Dragonfly adult, here shown eating 
a bee. (Treat Davidson from National Audubon 
Society.) The dried skin of the nymph splits open 
along the back for the adult to emerge. (See also 
Fig. 4-11.) 


first feeds underneath out of sight. Then 
when it is still almost too small to be seen, 
it manages to fold itself over one edge of 
the leaf, and fold or roll the leaf down. As 
yet no one really knows how this tiny crea- 
ture achieves such a Herculean task. 


SPIDERS 


For the sake of convenience, we have 
included in this chapter some discussion 
on spiders. However, children should be 
helped to see that spiders are not true in- 
sects but arthropods (8-legged), relatives of 
crabs. Spiders have a head, abdomen, and 
8 legs. True insects have a head, thorax, 
abdomen, and 6 legs. For children ac- 
quainted with fractions, you can draw a 
crude spider on the blackboard and point 
out the 2/8 (2 body parts and 8 legs) rela- 
tionship of parts. Point out that this num- 
ber can be reduced to 14. Then sketch an 
ant on the board and note the 3/6 (3 body 
parts and 6 legs) relationship. Show that 
this fraction is reducible to 2 (Fig. 3-26). 
Point out the greater bulk or weight ofa 
true insect compared to that of a spider of 
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(b) 
about the same size. A spider is “all legs"; 
fraction 2/8 is smaller than 3/6, although 
the spider “denominator” is larger. 

Of all the structures made by lower 
animals, the great radial web of the orb 
weaver is the most outstanding in desig? 
and workmanship. Point out the analogY 
between the cables of the largest suspen- 
sion bridges and the outer cables securing 
the spider's web. Encourage the children 
to discover why the spider can walk on its 
own web without getting caught. Thos¢ 


leaves. There are many varieties of this insect 
each specialized to a specific plant. (Hugh Spe” 
cer.) 


who watch closely will see that the crea- 
ture uses only the radial threads. The 
encircling threads are sticky. 

Grass spiders build another kind of web 
for catching dinner. A funnel-shaped 
Structure is spread out among the grass 
stems. At the mouth of the funnel, out of 
Sight, sits the weaver waiting for some 
hapless insect to cross the web. Children 
and adults alike cannot resist lightly 
touching the edge of the funnel to see if 
the spider will rush out, as indeed it does 
if the intruders have kept out of sight and 
not been too heavy handed. 

Then there is the beautiful little crab 
Maer which hides among the petals of the 
; Owers. We used to find them among the 
emon lilies where they were such a perfect 
color match that they could scarcely be 
seen until they were dispossessed. 
yo spiders catch their prey by 

nning or jumping. The wolf spider has 
Such long legs and is so timid that it 
Usually runs out of sight before you can 
as good look at it. The little jumping 
Es €rs are so delightfully ugly that one 
vede bear to harm them. Usually we 
s be them outdoors to continue helping 

Keep down the pressure of insect multi- 
Plication, 
is ume one section of the United States 
de nd a most unusual spider, the trap- 
it e. It is known to most observ- 
aud vio and girls who explore the canyons 
tad royos of Southern California. When 
pimp. gardens in that area, one often 
Gace S into one of the spider's tunnels and 
nee Vers it. One should quickly cover the 
ic. with earth and hope it will soon 
Sin, PA home in one's yard because 
Fes e ility to control the insect popula- 
ius $ hese spiders are insignificant look- 
hai, aiumssized; and naked of the tiny 
d bia make most spiders appear 
den eo But their burrows are works 
eas ie trap door of the burrow has an 

ining of silk to which the spider 


true insects 


head 
3 body parts {thorax NA 
abdomen 
spiders et al. 
head 
2 body ports y=! 
abdomen = ts 


Fig. 3-26 Fractional relationships of body parts 
in insects and in spiders. 


clings to keep his door locked. From above, 
the entrance looks just like part of the sur- 
rounding earth. It takes sharp looking to 
find one, although they are common in 
certain sections of adobe overlay. 

Spider bites, !ike those of many other 
insects, tend to cause irritation unless they 
are neutralized with an alkali such as 
household ammonia (diluted). A really in- 
fected spider bite is usually due not to the 
spider but to infectious organisms already 
present in dirt on the skin when the spider 
punctures the surface. 

The only really poisonous spiders in the 
United States are the black widow and 
the tarantula. The danger tends to be 
much overrated. The black widow is a 
medium-sized spider, glossy black, but the 
poisonous female is always distinguishable 
by the red hourglass on the underside of 
her abdomen. Always wear gloves when 
working in the yard, clearing rubbish from 
under shrubs, moving old lumber, etc. 
Whenever one encounters a shiny black 
spider, it should be overturned to check 
for the telltale hourglass. Children should 
be cautioned to treat spiders with respect 
and never keep them for study except in 
an unbreakable container. In common 
with all spiders, this one is not aggressive 
and seeks only to get out of the way. The 
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hairs which make spiders look so uncouth 
Serve as antennae to receive noises and 
vibrations. Spiders are among the most 
timid and retiring of creatures. 

Tarantulas are very hairy, large, and 
timid spiders also found in the subtropical 
sections of our country. They are kept as 
pets and handled and fed without any 
difficulty. 

Spiders are solitary insects, even to the 
point where females will devour their 
mates (males) and their own young. Hence 
spiders kept for observation in the class- 
room should be kept alone. Any small jar 


CAPSULE LESSONS 


3-1 How to tell temperature by crickets: If 
you have a watch with a second hand, count the 
number of chirps (black cricket) in 14 seconds 
and add 40. The higher the air temperature, the 
faster the chirps, and vice versa. 

3-2 Children living in an agricultural area 
might be able to contact personnel from a gov- 
ernment experiment station attempting to find 
ways of controlling one species of insect with 
another, as, for example, control of scale insect 
on citrus by introduction of exotic species of 
beetles. 

3-3 Children living in urban areas may find 
it interesting to contact pest control firms to dis- 
cuss methods of insect control. 

3-4 Encourage a child to read and report on 
the story of how the gulls saved crops in Salt 
Lake City from annihilation by grasshoppers. 
Perhaps a child can locate a picture of the statue 
erected by the residents to honor the gulls. 

3-5 How do you tell an ant from a termite? 
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or plastic container will do. However, it 
should be big enough for some soil on the 
bottom to absorb moisture and provide 
the humidity the creature needs. For any 
of the orb-weaver spiders, put in a branch 
upon which they can weave a web. Let the 
children try improvising a web with thin 
grocery string. 

Children overturn stones and some- 
times find on the undersides silvery patches 
we call “fairies’ pocketbooks.” If you slit 
one of the little envelopes with a knife- 
blade, you find many tiny eggs inside. It is 
a spider egg case. 


Children living in termite country might = 
diagrams showing that termites have E 
bodies, ants are “wasp” waisted, and other s 
ferences. A pest control firm may have use 
reference specimens to loan. E 
3-6 Compare the whitish cave crickets € 
times found in a cellar with common black fic 
crickets, b 
3-7 Make an exhibit of insects grouped : 
size, color, or such other criteria as the childre 
may suggest, " er 
3-8 Compare handmade paper with E. 
fibers in a paper hornet’s nest, Soak fibers x 
the nest and spread out to dry on blotter oF 
cloth. s 
3-9 Collect samples of insecticides. Use i 
for practice in reading. Compare carefully E 
portions of various chemical ingredients 
courage research on controversial question 
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Life in the water 


AN AQUARIUM COMMUNITY 


It is usually not practical to build a 
homemade aquarium that will remain 
watertight. If the school cannot purchase 
an aquarium, set up several in wide- 
mouthed gallon pickle jars. One pair of 
fish needs at least a gallon of water. If 
possible, a 4-5 gallon tank is recom- 
mended. In the long run, good tanks 
usually cost less than cheap ones. The 
first step is to wash the tank with soap and 
warm water. Do not use hot water because 
it may loosen the aquarium cement. Rinse 
several times in cold water, fill two thirds 
full, and let stand for several days. Se- 
cure coarse sand (not beach sand) or 
gravel and wash in boiling water. You will 
also need some stones to hold down the 
sand and plants. Wash the stones in boil- 
ing water. As an additional precaution 
you may want to bake the sand and rocks 
to insure sterility. Get a half dozen pieces 
of water plants from the variety store or 
pet shop. The salesman or store owner 
usually is most helpful with regard to 
selecting appropriate plant and animal life 
and giving suggestions for planting and 
care. 

While some children work on problems 
of securing and setting up an aquarium, 
others can participate in solving problems 
of aquarium housekeeping. The best way 
to fill or empty a tank without unduly dis- 
turbing the plants is to use a siphon. Let 
children play at siphoning long before 
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they need to put it to use in the aquarium. 
Begin with drinking straws. Let children 
use some as dip tubes by closing the top 
end with a finger. The differential in air 
pressure, of course, allows the children to 
pick up a few drops of water just as a 
Scientist uses a glass pipette in the labora- 
tory. If possible, secure some 18” lengths 
of plastic or rubber tubing of 4-34” di- 
ameter. These will be useful for daily 
removal of debris from the tank. Let the 
children practice using a tube to remove 
loose dirt from the bottom of a jar. Now 
let the children use rubber tubing to re- 
move debris. Let them try different ways: 
Some may know the principle of siphoning 
liquids. They can fill the tube in the w2Y 
shown (Fig. 4-1) or by immersion. Once 
a tube is filled, the ends are pinched while 
it is transferred into position to work as @ 
siphon. 

Adding water to replace that evap?” 
rated from the tank can be accomplishe 
by pouring over a plate without sous 
the fish or dislodging plants. Encourag 
the children to think of ways they i 
measure the amount of water which i 
evaporated. They will also think of way 
to cut down the evaporation (i.e., by using 
glass or cellophane cover). How can p 
have enough air even if tank is covere™’ 
The answer is that the plants produc 
oxygen (Fig. 4-2). (See p. 48.) he 

A fish tank can illustrate one of ws 
major conceptual schemes for the eleme? 


siphon is pinched 
when tube is full 


Fig. 4-1 


Filling a siphon tube. 


Dy School —namely, that under ordinary 
conditions matter may be changed but not 
destroyed, The carbon dioxide which all 
aoe Creatures produce is put to use by 

© aquarium plants to make their food 
(Sugar) in the presence of sunlight. We 


Fig, 4. 


Plants 2 A balanced aquarium. 


Use carbon dioxide given 

Produc varium animals, while 

Support | Oxygen necessary to 

vere at animal life in the 

ei (General Biological Supply 
se, Inc., Chicago.) 


call this plant manufacturing process 
photosynthesis. Let the children discuss this 
word and its associations, photography, syn- 
thetic, etc., according to their level of 
understanding. Some may enjoy following 
the schematic symbols (chemical formula) 
for the process. (The power source is light 
energy.) 


raw materials 
6 CO, 
+6H,O 


(carbon dioxide from the fish) 
(water) 


finished product 
C, Hi O, 
+ 6 O; 


(glucose —— sugar) 
(oxygen to be used by the 
fish, snails, etc.) 


Setting up an aquarium involves filling 
the tank 24-48 hours ahead of planting in 
order to bring it to room temperature. Let 
the children note and record water tem- 
perature as it comes from the tap. Com- 
pare with room temperature. Upper- 
grade children may record and graph the 
rate at which the tank water warms up. 

Tank water is also drawn several days 
ahead of time in order to allow chlorine 
to escape from it. Store some in gallon 
jugs for future use. Using household 
bleach, the children may wish to ex- 
periment with the effect of varying 
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amounts of chlorine on different organ- 
isms. They will find upon investigation 
that their municipal water department 
usually uses minute amounts of chlorine 
for water purification. Let the children ex- 
periment with a medicine dropper and 
several jars or tumblers of the same size to 
find the effect of different strength solu- 
tions on living things. Use similar sized 
samples of algae or other abundant small 
water plants. 

Most children know that one should 
handle fish as little as possible, and when 
handling is necessary, one should moisten 
hands before touching. A small cloth dip 
net purchased at the diméstore will facili- 
tate any handling. Usually the fish can be 
“poured” into the tank from a container. 
(For observation of blood circulation ina 
goldfish tail under the microscope, see 
Chapter 5.) 

What can you learn from watching a 
goldfish? How a fish swims, of course, but 
more—how an organism adapts to its en- 
vironment. Let the children tell you from 
observation about the way their goldfish 
moves, the number and location of fins. 
Which fin does what? Does your goldfish 
Test on the bottom or near the surface? 
Can it stay still without moving a fin? 
Does it tend to float? Ifso, why? Illustrate 
the action of a fish’s air bladder with a 
small capped bottle or corked vial in which 
there is some trapped air. Vary the amount 
of trapped air to show how a fish can bal- 
ance its buoyancy. 

One of the observations your children 
should make is of gill movement. The fish 
appears to be continually opening and 
closing its mouth. If you can secure at the 
market a whole fish so children can ex- 
amine the gills, they will see that the bright 
red color is due to the thin skin which per- 
mits the blood to come close to the surface. 
Oxygen in the water continually Passing 
over the gills is taken up by the blood and 
carried to all parts of the fish’s body. At 
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the same time carbon dioxide is returned 
to the water. Here is an Opportunity for 
discussion to help the children learn about 
their own respiratory system by contrast 
and counterpoint. (See Chapter 14.) 

To be sure that children know there is 
air in water, draw some tap water and let 
stand in glass containers. In a relatively 
short time, depending on the difference 
between room and water temperature, 
they should begin to see air bubbles on the 
sides of the glasses, 

Further, heat some water until most of 
the air is driven out. Then let it stand 
until cool. Draw a similar sized container 
of fresh water. All the containers and the 
aquarium should be within 2-3? of cach 
other in temperature. Place a goldfish in 
each jar; watch carefully. Soon the fish in 
the water which was heated (and then 
cooled) will come to the top. Here at the 
top the water will have taken up more 
oxygen from the air and the fish will be 
better able to “breathe.” (Watch that the 
fish in the airless water does not suffocate.) 
You may be able to help the children 
make the analogy to problems of air and 
Space travel caused by the very narrow 
range of environments in which man ean 
secure the oxygen he must have to live- 
(See Chapter 26.) 

The next step may be to place some 
sprigs of a water plant such as elodea gr 
anacharis in a container of water on ? 
sunny window sill. Soon the childre? 
should see bubbles forming at the toP x 
each leaf. Green plants give off oxyge" 
when the sun's energy starts their food - 
tories. An aquarium needs plants not 0” 
for their esthetic but also for their n 
tional value. They supply oxygen tO t 
animal life in the tank. This oxygen m^" 
be supplemented by that absorbed at m. 
surface. This is why a widemouthed con 
tainer or rectangular tank is desirable. ü 

Using the aquarium as an example: gl 
may wish to lead the children toward ê 


— —— 


understanding of the fact that plants and 
animals need each other—interdepend- 
€nce—and that there must be a proper 
amount of each in a successful community 
—balance. 


COMMUNITIES WITHIN A COMMUNITY 


Observations, discussions, and research 
experiments with regard to your class- 
room aquarium provide fine preparation 
for field trips. Scarcely any community 
exists that does not provide some rem- 
nants of water-life communities. Usually 
the children will know the nearest pond, 
Stream, slough, or marsh. With the least 
encouragement they will bring in a host 
of live specimens from the locality. Let 
them Set up simple fresh-water aquaria 
(Fig. 4-3). These may be no more than 
arge glass jars with netting covers, sticks 
On which dragonfly or damsel fly larvae 
can crawl out and pupate, rocks, and some 
Mud in the bottom. The organisms will 
Set along better in some of the water in 
Which they normally live. Make a point of 

aving the children carry metal or plastic 
containers for safety. A kitchen strainer 
ashed to a stick makes a fine dip net. The 
children may bring in various insects from 
among the visible forms in pond, stream, 
Or marsh water. There may be larval forms 
me dragon- or damsel flies. Among the 
«Rast charming and interesting insects are 
: € Various species of beetles such as back 
‘wim mers and water boatmen. Water 
“riders are most interesting for the way 
they can walk on the water. In reality they 
ate able to do this because of the surface 
tension characteristic of liquids. For exam- 
Plg, to illustrate surface tension, let the 
Children observe as you fill a tumbler full 
Just to the point of brimming over. Watch- 
8 at eye level, the children should know 

OW water forms a slightly curved menis- 
“us. Let them lower a dry needle slowly to 
the surface of water in a cup or bowl. If 


Fig. 4-3 Simple fresh-water aquaria. (From Ann 
H. Morgan, Field Book of Ponds and Streams, G. P. 
Putnam's Sons, 1930, Sixteenth Printing, London.) 


this is done without breaking the film, the 
needle will float, due to the surface tension 
that forms a tight “skin” on top of water. 
A razor blade flat side down will also float 
this way. 

Perhaps it will be possible to make a 
class or small-group field trip to the lo- 
cale from which the children brought 
their specimens. Such a trip may help the 
children see the boundaries between the 
various plant zones or communities in and 
around water. Most of your collecting will 
occur in the shallow water close inshore. 
Here sun and light reach to the bottom. 
The water, warm all the way through, fa- 
vors a wealth of life both visible and invi- 
sible. This shallow zone is characterized 
by emergent plants such as cattails which 
grow with their “feet” in the water and 
their heads in the air (Fig. 4-4A). Under 
water the stems of such plants are cov- 
ered with simple microscope plants 
(algae) that provide food for swarms of 
minute crustaceans, plant-eating worms, 
and smaller water beetles (Fig. 4-4B). 
Here is a complete community of inter- 
dependent plants and animals to be 
found neither on dry land nor in deeper 
water, but only in this shore line zone. 

Farther out where the water is knee- 
deep, we find the zone of floating-leaved 
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Fig. 4-4 (a) Plant zones around a pond. Note 


low-growing plant area nearest the water, higher 
shrubs in the background (left). Cattails signal 
such a littoral zone of plant succession. (U.S. De- 
partment of Agriculture.) 


(b) Diving beetles. Note smooth streamlined body, 
boat-shaped “hull, and hind legs like oar blades. 
(Hugh Spencer.) 


plants, such as water lilies, duckweed, 
spatterdock (Fig. 4-4C), pondweed, and 
eelgrass. Usually the bottom is soft mud, 
which “boils” up around one’s feet. This 
makes poor walking, but it provides a rich 
pantry for the myriad forms of animal life 
usually present in this zone. The under- 
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(c) Duckweed. These small floating plants p^ 
dangling rootlets make a green blanket on sti 
water. (Hugh Spencer.) 


sides of the lily pads are floating hatcheries 
for eggs of water insects and snails. Adip 
net should bring up a host of carnivorous 
insect forms. The plant stems provide an- 
chorage for countless algae, fresh water 
Sponges, bryozoans, and the snails oF 
worms that feed upon the green slime. 

These smaller forms, in turn, are foo 
supply for larger pond animals such Pa 
fish, amphibians, frogs (Fig. 4-4D), toads 
(Fig. 4-4E), salamanders, and reptiles 
(turtles, snakes). You do not often ee 
snake near water unless you live in t j 
range of the Southern cottonmouth D: 
casin snake. To see a swimming snake ! 
an infrequent and interesting sight. ed 
ever, black water snakes (Natrix aan 
are common in many areas of the Nort 
east. 

The film The Window (Audubon Assoc" 
16 mm sound) is an excellent illustrat 
of a water collecting trip and other 0" 
door science instruction for children. 


FOOD CHAINS 


Big fleas have little fleas 
Upon their backs to bite "em. 
Little fleas have lesser fleas 
And so ad infinitum - - . 


= the 
From observation and from roat E ie 
children learn that all larger forms © 


(d) Pickerel frog hiding in the grass. Once it 
Senses discovery, it speeds away with leaps and 
bounds, (Leonard Lee Rue IIl.) 


mal life live on smaller forms which, in 
‘urn, ultimately live on plant life. Let the 
children observe and study until they can 

raw or describe the food chains of which 
each form they collect is a link. (See Fig. 
$8] Lead them to the conclusion that all 
animal life ultimately depends on plant 
S because animals cannot manufacture 
their own food. The children may be 
easily motivated at this point to wonder 

9w plants make their own food—photo- 
Synthesis. To illustrate, place some green 
Pond scum on a sunny window sill. After 
a few hours, put the scum into a Pyrex 
Pint jar or saucepan and cover with rub- 
bing alcohol. Set this glass container into 
à saucepan of water on an electric hot 
a (Caution: Do not use open flame heat.) 

eat until green color is dissolved out by 
Alcohol. Cool, rinse thoroughly, and cover 
With dilute iodine. The filaments turn a 

lackish color, indicating the presence of 
aren (see Chapter 12). Repeat with algae 

at have been kept in complete darkness 
ed a black cover for several hours. 


hich sample showed the most starch 
Present? 


PLANT ZONES 


Characteristic plants are indicators of 


(e) "Toad tenor." The male trill is amplified by 
the resonator throat sack visible here. (Leonard 
Lee Rue lll.) 


life zones or belts. Children who live near 
the mountains will notice changes in vege- 
tation and associated animal life as the al- 
titude changes. Children who live near the 
coast will know that characteristic animals 
of the marine littoral zone (i.e., tide pools) 
do not exist in deeper water. A visit to the 
aquarium, discussions with skin divers, or 
reading about marine collecting will ac- 
quaint them with the fact that life zone 
levels exist in the ocean just as in fresh 
water or on the side of a mountain or 
around a desert oasis or marshy pond. 

Let the children attempt to sketch or 
map the plant zones around the nearest 
body of water. They may wish to illus- 
trate this by a mural. A cross section 
would show how plants continually in- 
vade or infiltrate a water body (see Fig. 
4-4A). Children may wish to build card- 
board dioramas or illustrate with flannel 
board cutouts. Eventually, living plants 
and plant debris will choke up a small 
pond. Thus runoff water must eventually 
seek another depression to fill. The proc- 
ess of plant succession as related to 
water plants illustrates one aspect of the 
universal and continuous leveling and 
smoothing of inequalities on the earth’s 
surface. 

The time allotment for a unit of study 
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Fig. 4-5 A food chain, demonstrating that 


on pond life is usually insufficient for chil- 
dren to observe plant succession. How- 
ever, they can usually find an old resident 
in the area who remembers bodies of 
water where now little or no water re- 
mains. Man, too, must be taken into ac- 
count as a geological force. The building 
of reservoirs, the lowering of continental 
water tables, the occupation of large areas 
by buildings and streets are only a few of 
the ways that he changes ecological and 
geographical interrelationships. 


LIFE OUT OF THE DEEP 


Geological evidence appears to substan- 
tiate the Biblical description of the face of 
the earth as once covered with mists. As 
the mists began to condense and fall as 
rain, water collected in the depressions on 
the earth's surface. Some primitive cells 
began to form in the warm shallow waters 
of these ancient seas. Since the moon's and 
sun’s gravitational pull created tides then 
as now, these primitive cells (probably not 
too different from single-celled water 
plants and animals today) were alter- 
nately left stranded and then inundated. 
Those which could withstand the alter- 
nate drowning and dessication survived. 
Probably the odds were greatest in favor 
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FOOD CHAIN 


diving beetle 


tiny plants 


all animal life ultimately depends on plant life. 


of the forms on the very edge of the tide 
zone. These reproduced in kind. Possible 
mutants which could withstand greater 
extremes moved further away from the 
water. Knowing this, the children may 
be led to see water plant succession 1n 
ponds as recapitulation in nature of the 
long span of evolutionary time. An ex^ 
cellent way for the child to comprehend 
these small life forms is to let him sketch 
diatoms, protozoans, and other pond or 
aquaria creatures (Fig. 4-6; see also Figs 
5-10 and 5-11) as he sees them under mag 
nification. l 
A warm shallow pond provides an tage 
“climate” for plant life. Plenty of wate^ 
sunshine, and warm temperatures facili 
tate rapid plant growth, food manufac 
ture, and reproduction. Witness a mars 8 
crowded with cattails, a sluggish stream = 
pool with duckweed, a myriad of - 
algae forms underwater. Animal life e 
pendent on such forms, particularly ° 
microscopic plants, can therefore s 
profusely. Larger animal life which liV 
on protozoans (microscopic animals) © 
flourish and multiply. of 
Lead the children to the discovery ^ 
the pond as a fascinating community’ 
Further study shows certain plant 17 
cators and key animal forms related re 
shallow or deeper water or to the sh? 


Fig. 4-6 Model of life in V?" of 
pond water, magnified 100 times, 
showing a variety of one-celled 
plants and animals as well as 
more complex forms. The plants 
range from the higher utricularia 
(stem Proceeding from left center 
to right top, with many bladder- 
like traps) and elodea (right cen- 
ter to top right, with tapering 
leaves) to the green algae spiro- 
Syra (slender stalks at left) and 
closterium (a desmid, crescent- 
shaped, appearing over the utric- 
ularia stem in the center). The 
animals include the tiny bell-like 
Protozoans vorticella (left cen- 
ter), rotifers, fairy shrimp (bubble 
shape at bottom center), hydra 
(large tentacled form bending 
from bottom center to bottom 
right), and a watermite egg (cen- 
ler left, with nucleus). (American 
Museum of Natural History.) 


line. From this lead the children to see a 
Pond or stream as comprised of communi- 
tes within a larger community (Fig. 
4-7A), Help them to draw analogies to 

uman communities they know. Some 
children with opportunity and encourage- 
ment may go on to study other subdivi- 
Sions of water communities: e.g., dry ver- 
SUS permanent pond life, life in lakes, slow 
Streams or marshes, rapids and waterfalls 
(Fig. 4-7B). A typical distribution of life 
in a waterfall is related to the current: 
©-8., water pennies (really young beetles) 
On the underside of rocks in the swiftest 
Current, case-bearing caddis worms, 
Midge and beetle larvae clinging to water 
Mosses growing just under a miniature 
Waterfall, a phoebe sitting on a branch 
above waiting for winged adult forms to 
“merge, trout fingerlings in the fast water, 
Water striders in the back eddies, a frog 

iding beside a rock. 


WATER PLANTS 


A close look at ponds, streams, and even 
classroom aquaria can give children a fine 
introduction not only to some interesting 
adaptations of living organisms but also to 
the great plant groups. For example, if 
they are using a microscope in this study, 
they will have found out that the green 
scum in an unbalanced aquarium or from 
a pond is composed of (green) cells which 
may occur singly or in chains. Common 
types of algae include desmids and spi- 
rogyra (Fig. 4-8A, B). The single cells, 
called diatoms, are generally rather color- 
less. They occur in a wide variety of forms, 
Masses of them make brook beds and 
water weeds golden brown. 

Although fresh-water algae occur in a 
variety of forms, the filamentous green 
algae such as spirogyra are perhaps best 
known. Children need be more concerned 
with observing and perhaps drawing the 
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forms they see under magnification than 
the exact design. Marine algae tend to be 
reddish brown rather than green. If chil- 
dren live near the seashore, they may en- 
joy preserving seaweed, especially the fila- 
mentous or branched forms, by mounting 
them on paper. Float the seaweed in a 


Fig. 4-7 (a) Diagram of the distribution of pond 
plants. In the background are the emergent water 
plants: 1, pickerel weed; 2, cattails; 3, bulrush; 4, 
burreed; 5, water plantain; 6, arrowhead. In the 
foreground are the floating-leaved plants: 7, Poly- 
gonum; 8, lily pads; 9, spatterdocks; 10, horn- 
wort; 11, eelgrass; 12, pondweed. Also in the 
foreground are the submerged plants: 13, Riccia; 
14, bladderwort; 15, water milfoil. 
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shallow pan. Float white drawing paper 
under the seaweed, separate the strands, 
center on paper, and drain off water. The 
gelatin in the seaweed makes it adhere to 
the paper as it dries. 


LIVERWORTS AND MOSSES 


Close to the edge of streams are mats or 
clusters of small, green shade-loving plants 
called liverworts (Fig. 4-9A). Having no 
water storage cells, they lose water very 
quickly and cannot stand drying out any 
better than the skin of the frog. We have 
tried innumerable times to keep liver- 
worts in a terrarium but never succeeded 
until a friend showed us some thriving !" 
a New York apartment. The secret was 
that the rock on which the liverwort was 
spread was half submerged in water. 
brick will do nicely (Fig. 4-9B). 

Mosses can grow further away from 
water. The sphagnums and bog mosse? 
however, grow best when water soaked- 

Water plants must live near enough t? 
the surface to receive ample light (Fis: 
4-9C). They need light to make food. Let 


(b) Diagram of the distribution = 
animals in a waterfall. The ston? 
A, B, and C are shown enlarge^* 
with their inhabitants; A an< 
are right side up; B is wrong 5' 
up. 1, egg masses of midge 3 
water moss, Fontinalis; 3, ™ g 
larvae; 4, alga, Cladophor® of 
May fly, Chirotenetes; 6, "© 7, 
caddis worm, Hydropsyche; Ji- 
Pupa cases of caddis worm; gi 
copsyche; 8, 9, May flies, HEP 
genia and Epeorus; 10, pan e 
ian; 11, caddis worm; 12, We 
penny; 13, leech; 14, 
nymph; 15, caddis worm; s 
black fly, Simulium. (From A d 
Morgan, Field Book of Ponds © 
Streams, G. P. Putnam's 
1930, Sixteenth Printing, Lo" 


D 


on: 


la) 
Fig. 4-8 


the children think of experiments to prove 
that light doesn’t pass as well through 
Water as air. Focus a beam of sunlight or 
Projector lamp through a shallow and 
then a deeper glass jar of water. Repeat 
the experiment with the jar empty to de- 
termine relative distortion that occurs 
When light passes through glass (see 
4pter 16). Think of some experiments 
to show that plants such as eelgrass and 
Pondweeds live completely in water and 
send leaves near the surface for light. 
lants such as cattails have their feet in 
the water and their leaves in the air. 
uckweed and giant kelp are free floating 
Pn the surface, Water lilies and arrowroot 
ave submerged stems and leaves at the 
Surface, If a microscope is available to 
Show stomata with their surrounding 
8uard cells, let the children look for sto- 
Mata on the surfaces of water plant leaves. 
ct them decide why stomata are not 
Ound on the undersurface of lily pads. 
€ insect-eating habits of bog plants 
“uch as sundew and pitcher plant can be 
observed at first hand if one sets up a bog 


(b) 

(a) Desmids. These single-celled species of green algae occur in a wonderful variety of 
shapes and designs. Under magnification they appear pale greenish yellow. (General Biological Sup- 
ply House, Inc., Chicago.) (b) Spirogyra. These filamentous green algae are composed of cells linked 
in chains, Note chloroplasts, green bodies that seem to fill the cell. The dark central spot in each cell 
's the nucleus. (General Biological Supply House, Inc., Chicago.) 


terrarium of sphagnum, wild cranberry, 
and other native bog plants. These may 
be secured from a scientific supply house 
or from Armstrong Assoc., 13 Ash Street, 
Basking Ridge, N. J. 


CARBON DIOXIDE-OXYGEN CYCLE 


Select sections of water plants, either 
native or pet-store kinds or both. Set each 
in a tumbler of water on a sunny window 
sill. Watch for bubbles to appear on the 
plant. 

Do they occur at the same rate for each 
kind of plant and in the same parts of the 
plant? These bubbles, of course, are oxy- 
gen given off by the plant in the course of 
its food manufacturing process (photosyn- 
thesis). Some children may wish to collect 
some bubbles from a large water plant 
sample and apply the laboratory test for 
oxygen (see Chapter 12)(Fig. 4-10). Place 
the plant in plain soda or club soda to pro- 
vide carbon dioxide. Allow the soda to 
stand open ¥2 hour before using. Invert the 
glass funnel over an aquarium plant in 


CARBON DIOXIDE-OXYGEN CYCLE 55 


Fig. 4-9 


sunlight. Fill the funnel tube with water. 
Fill the test tube with water and invert 
over the funnel tube. As the plant leaves 
begin to make oxygen in sunlight, water in 
the test tube is replaced with bubbles of 
oxygen. Light an end of a wooden appli- 
cator. Blow out the flame quickly, remove 
the test tube, and insert the glowing tip of 
the applicator. Oxygen generated should 
re-light the flame. 

Fish breathe to live just as do higher 
animals, though fish breathe through gills 
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glass cookie jar. 


plant 
(liverwort) 


(b) 

(a) Liverwort (Marchantia). This primitive plant has a shiny green, leaf-like body and is com- 
mon in damp shady places. (Hugh Spencer.) (b) Liverwort "in captivity" affords a primitive and inter- 
esting example of one stage in plant evolution. Keep cover closed. Paint to inhibit rust. Porous rock 
such as a fragment of a clay pot should be used. 


instead of lungs. Like other living things» 
they give off carbon dioxide. Place gold- 
fish for a short time in clear limewater (see 
p. 69). The liquid will turn milky from car- 
bon dioxide given off by fish. Let children 
review the test for carbon dioxide by €* 
haling into clear limewater (see Chapte! 
12). Fish need the oxygen given off by 
water plants. Plants use the carbon dio*~ 
ide given off by animal life in the aqua!” 
ium to carry on photosynthesis (see 
above). Lead the children by discussio? 


d 
(c) Note how lily pads are spre? 


out to receive maximum lig?” 
This mosaic leaf arrangement p 
also observable in many dry lan 
plants. (Roche.) 


club 
soda 


water 
plant 


Fig. 4-10 Carbon dioxide-oxygen cycle. One 
interesting variation might be to place another 
Plant in a container of plain water. Another, 
to set the plants away from sunlight. 


and diagrams or pictures to gain partial 
concepts of the more general concept of 
1 a " 

Dterdependence of life. 


LIFE CYCLES IN WATER LIFE 


Water life both in an aquarium and in 
à Stream offers endless illustrations of the 
Persistence, continuity, and adaptability 


ae 4-11 Two stages in the life 
of n drogonfly; the body casting 
eil € nymph; and the adult (see 
ks, Fig. 3-24). Note the plane 
Fit of the wings as contrasted 

9se of the adult damsel fly 
(see Fig, 3-21). (W. T. Davidson 
rom National Audubon Society.) 


of living forms. For example, the snail 
eggs within the aquarium hatch into tiny 
snails, which grow and lay more eggs to 
hatch into more snails. The “rites of 
spring" often furnish the classroom with 
a supply of amphibian eggs for nurture 
and observation. A fall field trip to a 
brook usually brings back the empty body 
castings of dragonfly (Fig. 4-11) and May 
fly nymphal forms. A winter field trip 
usually uncovers under stream boulders or 
logs at least some examples of caddis worm 
cases (see Fig. 3-23). If you see a tiny 
bunch of sticks moving across the bottom, 
you are not imagining things. You are 
seeing a caddis worm case made of tiny 
sticks glued together with the insect's own 
saliva. Some caddis worms make their 
“houses” of tiny pebbles. One form builds 
cup-shaped nets to snare food floating 
downstream. 

Guppies differ from most fish in that 
they omit the egg-laying stage. Their 
young are born alive from eggs. Since 
guppies are usually devoured by goldfish 
and since they require warmer water, it is 
best to keep guppies in a separate con- 
tainer, e.g., gallon jar. Be sure to include 
plenty of floating plants. They are needed 
to provide cover for the babies against the 
cannibal appetites of big guppies. As soon 
as you see baby guppies in your tank or 
jar, remove the parents to another con- 
tainer (see Chapter 2). 
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OCEAN WATER 


Let the children study globes of the 
earth and guess what fraction of the globe 
is covered by ocean water—actually 
about three quarters. A group of children 
in a coastal state were studying the Age of 
Discovery and Colonization of the New 
World. When they were asked to tell 
where our early settlers would go for salt, 
not one thought to mention the ocean 
barely 20 miles away. It was suggested 
that they boil down seawater or a brine 
solution and report results. 

Let the children add a tablespoon of 
salt to a quart of hot water in an open 
saucepan. Let two children taste the so- 
lution. Boil 10-20 minutes. Blow to cool 
and taste again. It is saltier. Let children 
speculate why, and if necessary guide 
their discussion back to evaporation ex- 
perience and observation (e.g., evapora- 
tion from aquarium). Boil 10-20 minutes 
more and taste again. This time it will 
be saltier because even more water will 
have evaporated. Let children taste drops 
of water condensed inside a saucepan lid; 
replace the lid with a cold glass plate 
to hasten condensation. If possible, re- 
peat the distillation experiment (Chapter 
11). 


SEA SHELLS AND CORAL REEFS 


Ask children if they know why a sea 
shell is like a chicken bone. Secure strong 
vinegar or, better, dilute hydrochloric 
acid from a drugstore or a high school 
chemistry teacher. Immerse chicken bones 
and sea shells in vinegar or acid and 
let stand several days. Both should be- 
come soft and rubbery because the lime 
has been dissolved out by the acids. The 
outside of the shell may not feel as limp as 
the inside. Recheck this by using another 
shell and observing its reaction to acid. 
Use a medicine dropper or pipette to ap- 
ply a few drops first to the outer brown 


58 LIFE IN THE WATER 


covering, then to the inside of the shell. 
What happens? The outside is much more 
resistant to acid. Why? The inside should 
be etched by application of acid. 

If it is possible to secure small samples 
of rough coral, let the children test the 
coral with acid. They will see that the 
bony skeleton of the coral animal is 
largely lime. These tiny animals, like 
many other marine forms, tend to live in 
groups for protection. The coral reef 
islands which dot the South Pacific are 
really coral cemeteries built up year after 
year one on top of another. 

Marine creatures such as mollusks 
therefore have in the seawater all about 
them the dissolved lime from which their 
shells and outer covering are made. A 
very convenient way to build a limestone 
house, just by sitting in the middle of it! 


LIFE IN THE SEA 


The ocean floor has higher mountains 
and deeper canyons than anything We 
can see on dry land. In adaptation to 
these variations in depth, pressure; an 
light, life in the ocean has developed i? 
myriad forms, shapes, and sizes. For €* 
ample, some of the largest creatures; the 
whales, live on the smallest creatures 
the plankton (microscopic plants and ant 
mals). Kipling's *How the Whale Got His 
Throat”! is a delightful fantasy to rea 
aloud and to precipitate discussion and re 
search. Encourage children to construct ? 
cardboard box diorama illustrating life 1? 
the sea. 

Even a superficial consideration of se? 
life will suggest comparisons with life 1 d 
pond, ie., communities within a ane 
munity. Life in a tide pool is very differen 
from the plant and animal life on a san 
beach or life along a muddy shore or tic? 
itio” 


‘Rudyard Kipling's Just So Stories, a recent pm 
published for libraries in 1954 by the Macm! 


Company. 


estuary. The offshore shallows again rep- 
resent a different community. Lead the 
children to see that the transitions between 
salt-water communities are sharper than 
between fresh-water life zones. Lead them 
to deduce the reason, e.g., the more rigor- 
ous conditions of life. Lead them also to 
note the greater proportion of animal as 
against plant forms in marine life zones. 
Such observation could lead to some in- 
teresting discussion and research with re- 
gard to the world’s population explosion 
and food problems. 

Most children know that meat and 
Other proteins are the most expensive 
Items in the family grocery bill. They 
know that fish is usually a less expensive 
kind of meat. Social studies of life on other 
Continents has shown that most of the rest 
of the world is underfed as to proteins. To 
Produce beef protein takes many acres of 
range pasture, corn, and expensive labor 

°F processing. To produce fish protein is 
less Costly because of the endless pastures 
of the sea and the apparently endless beds 
Of algae and animal plankton needing no 
Cultivation and no irrigation. Perhaps the 
children will have read of government ex- 
Periments in growing algae for food. Gela- 
tin produced from seaweed (Irish dulse) is 
Often available from the drugstore. The 
Problem is to educate ourselves to its taste. 
.?€ protein is there. Let the children re- 
rw and apply protein test (see Chapter 

Learning how to travel underwater has 
Interesting counterparts with space travel 
Problems. Let children trace the develop- 
Ment of the submarine, and let them dem- 
Onstrate a model (see Chapter 9). Help 
them review and reinforce the partial con- 
°epts they have already derived about air 
Pressure. Draw analogies between changes 
In pressure as one descends the ocean 

€pths or goes into outer space. The 
Medium is water instead of air, but a 


bathysphere carries oxygen tanks and has 
thick steel walls to withstand pressure. 

Today's enthusiasm for skin diving 
should provide accounts of the effect of 
water pressure at different depths. There 
are many other opportunities for interest- 
ing discoveries and conclusions about life 
in the sea. Let children report on research 
about salmon and eel migration, and 
compare with bird migrations. Govern- 
ment representatives for fish and game 
regulations are most cooperative about 
giving children insight into modern “fish 
farming," e.g., controlling the Great Lakes 
lamprey, building farm ponds, finding 
schools of fish by radar. 

Let the children study to find out which 
forms of sea life move in schools and why. 
Let them read and report on similarities 
and differences between communal forms 
such as corals and the social insects. 
Marine mammals such as whales, dol- 
phins, porpoises, seals, sea lions, cows, and 
sea otters have particularly interesting 
habits and interrelationships with other 
animals including man. 

Among the most interesting develop- 
ments of our times as related to the sea is 
the idea that we can “mine” seawater and 
the sea's bottom for all the elements whicn 
have been carried down in solution. For 
example, magnesium, used to make air- 
planes because it is both strong and light, 
has been discovered in quantity on the 
ocean bottom. Bromine to make ethyl gas 
is also being mined from the sea. The big- 
gest operation is the removal of bromine 
from seawater (see any high school chem- 
istry book). Dow Chemical has a bromine 
extraction plant on the Carolina seacoast. 

Salt is a valuable mineral. By boiling 
seawater in an old pan, you should have a 
residue of tiny crystals which are mainly 
table salt (sodium chloride). Chemical 
tests would find traces of many other 
minerals. 
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Invisible worlds 


Another dimension may be added to 
your classroom science by using magnify- 
ing glasses and a microscope. Small plastic 
magnifying glasses can be purchased from 
a newsstand or variety store for 10-20c 
apiece. If a sympathetic optometrist will 
give you discarded convex lenses, the 
children can have the fun and experience 
of making their own magnifying glasses. 
Use a pair of eyeglass lenses made for a 
farsighted person. Fill one to the brim with 
water. Cover with second lens and tape 
together with Scotch tape (Fig. 5-1), leav- 
ing only a small hole. With a medicine 
dropper complete filling the space, and 
then seal. Cover a small square of news- 
paper with Saran Wrap. Through a drop 
of water on the surface of the Saran Wrap 
the newsprint appears magnified. If a 
pig’s eye or eye of another animal is avail- 
able through the local butcher, cut out 
the transparent lens center from the sur- 
rounding opaque tissue and place on 


small hole: cover” $ 
when inside full 


— of water 


eyeglass lenses 
Fig. 5-1 — Water-drop lens. When filled with wa- 
ter, close-fitting spherical eyeglass lenses or other 


convex glasses bend light rays to produce magni- 
fication. 


tape 
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newsprint. The children will be surprised 
to see how much bigger the print appears 
“through a pig’s eye”! A large hand mag- 
nifying glass is always desirable in the 
classroom. In our experience, the common 
tripod magnifier and hand lens often used 
by botanists in field work are difficult for 
young children to focus. (See Fig. 5-2.) 


GLASS-BEAD MICROSCOPE 


A simple microscope can be made by 
pupils or the teacher (Fig. 5-3). This is a 
working model of the original microscope 
invented by Leeuwenhoek. You need a 
sheet of thin plywood or other thin wood 
no more than 4” thick; the over-all 
dimensions are 2" x 3”. For lenses, obtain 


(a) Tripod magnifier. (W. M. Welch 
Mfg. Co.) (b) Hand lens. (Selsi Company, Inc.)- 


Fig. 5-2 


Fig. 5-3 Simple glass-bead 
microscope. 


Solid glass beads (available from a scien- 
tific or chemical supply house, the local 
high school chemistry department, or a 
local chemical laboratory). The purchase 
of one pound for a few dollars will supply 
hundreds of these tiny beads that serve as 
Simple lenses of great magnifying power- 

First drill a 4” diameter hole in the 
Wood at the point indicated in Fig. 5-3A. 
Into this hole force one of the glass beads 
With the flatter faces of the beads parallel 
to the front and back of the little board. 
For the next step cut a block of soft wood 
in the shape of a 1" cube. Drill a hole s" 
in diameter in the center of the block. (If 
Necessary ask a carpenter Or workshop 
teacher to drill the hole for you.) From 2 
hardware or radio shop get a 2” or 2% 
long 6/32 machine screw. Thread thisinto 
the %’ hole. This will give you a snus 
turning arrangement. Dip the point of the 
Screw in pond or aquarium water. Place 
the lens to the eye and adjust the screw 
Until you see algae or microscopic proto- 
Zoans in the water. With an ordinary 
Screw you can hold a drop of water on the 
flat tip for examination. You can also use 
à screw that has been filed to a point to 
hold nontransparent objects for examina- 
tion, 

With any of the above equipment, your 
children may enjoy deciding which things 
look the same and which look different 
When magnified. Let the children try f° 
imagine how things would look if they 


clear 
glass 


bead i ^ 


(b) (c) 
were Lilliputians in a grassroot jungle. In 
the summer and fall, look at the breathing 
holes or spiracles along the sides of a grass- 
hopper (Fig. 5-4). The children will soon 
discover that not all insects have spiracles. 
They will then begin to understand why 
we have to use eating poisons for such 
insects and breathing poisons to control 
those with spiracles. Look for the unin- 
vited guests—invisible pests on indoor 
plants and animals. The bud scales and 
leaf scars on twigs in winter are wonder- 
fully interesting and symmetrical when 
studied through magnification. Spring- 
time brings pussy willows and other mic- 
roscopic flowers whose parts need to be 
magnified to be truly seen. 


CHOICE AND CARE OF MICROSCOPES 


Borrowing a good low-power (100X 
magnification) microscope from the near- 
est high school even temporarily is usually 


spiracles 
(wings and fore legs removed) 
Fig. 5-4 Grasshopper spiracles (breathing holes) 
Sucking insects such as house plant aphids inmutie: 
to poison on their food can be controlled by suf- 
focation with soap dip or oil emulsion spray. 
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focusing knob 


objectives 
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hole to allow ——™ 


passage of light 


mirror 


detail of stage 


Fig. 5-5 A beginner's microscope. Such an in- 
strument, with magnification 30-200 x, may be 
purchased for under $10. (Science Materials Cen- 
ter.) 


better than investing money in the so- 
called toy microscopes. However, some 
Junior microscopes are good. Ask a biology 
teacher to help you select one. Your 
microscope can be used to show materials 
to the whole class by projecting the image 
on the ceiling or on a side screen. How to 
do this is described below. Many children 
can be taught the use and care of a micro- 
Scope for individual viewing (Fig. 5-5). 
For individual use, place the microscope 
on the window sill where the mirror under 
the stage can pick up strong daylight (not 
direct sunlight, however). It may be safer 
for the microscope to use it on a table in 
the room with a desk lamp as light source. 
Adjust the substage mirror until it picks 
up the lamp light. Looking through the 
eyepiece, you should be able to see a 
bright circle of light from the lamp. Now 
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(a) (b) 
Fig. 5-6 Glass slide and cover glass. The cover 
glass may be round. 


place a glass slide (Fig. 5-6A) or any small 
piece of glass on the stage, making sure the 
material to be examined is directly under 
the lens. Very slowly and carefully lower 
the lens with the focusing knob (see Fig. 
5-5) until the objective almost touches the 
slide. Now focus by turning the knob to 
raise the lens slowly until you see a sharp 
image. Never attempt to focus by lower- 
ing the lens. Always start by bringing the 
lens close to the material on the slide. 
Then bring into focus by raising the 
objective. To clean slides use your breath 
or alcohol. 


D ] remove eyepiece 
Y PN this distance 


for best results 


projector with 
/front lens remove 


Fig. 5-7 
iector should be 2-3 feet from the light source- 


" em o- 
Inexpensive micro-projection. The pr 


MICRO-PROJECTION FOR THE GROUP 


A room which can be well darkened 
and a strong light source such as a lantern 
slide projector lamp are needed to make 
a micro-projector out of an ordinary 
microscope. Remove the front lens of the 
Projector. Unscrew the eyepiece of the 
microscope. Aim the projector lamp light 
into the microscope mirror (Fig. 5-7)- If 
you raise some chalk dust with blackboard 
erasers, the outline of the beam becomes 
Visible. You can then adjust the projector 
So that the beam hits full on the micro- 
Scope mirror, With the room darkened, 
focus the microscope as before. On the 
Ceiling you should see an enlarged image 
of the onion skin cells or whatever ma- 
terial is on the slide. Or, with an ordinary 
Pocket mirror, reflect the light from the 
top of the microscope tube to a screen on 
the side wall (Fig. 5-7). 


INSIDE AN ONION SKIN 
Beginners are often disappointed by 
what they can see with a microscope be- 
Cause they try to look at material which 
'S too thick or too large. Try, for instance, 
looking at plant cells in a tiny thin piece 
of onion skin, Make a razor cut anywhere 
on the onion. Starting from the cut, peel 
off the thinnest possible layer. Place on a 
Slide and with medicine dropper, add 1 
drop of water. Drop a cover slip (see Fig. 
5-6) on the water. If you do not have 
Cover slips, do not use water, but replace 
the specimen every 10-15 minutes with a 
Tesh piece of onion skin. If you have à 
Sufficiently thin piece in focus, you should 
€ able to see rectangular or brick-like 
celis, Try staining the pieces of onion skin 
With a drop of iodine diluted in water. In 
about 5 minutes you should be able to 
make out the nucleus of each cell, a small 
round body. See Fig. 5-8. 


INSIDE A LEAF 


Kalanchoe or peperomia plants, carried 
by most florists, have interesting leaf 
structure under a microscope. Kalanchoe 
is preferable, although either will do. Tear 
a leaf in half. Some of the lower layer will 
adhere to the underside or skin of the leaf. 
Remove this with tweezers and place on a 
slide. With careful focusing, you should be 
able to see the stomata (Greek, meaning 
“little mouths") through which air enters 
and leaves a leaf. (For the complete story 
of the oxygen-carbon dioxide cycle in 
plants, see Chapter 6.) You should be able 
to see the two halves of the stoma, each 
shaped like a lip. These two lip-like parts 
are called guard cells. In dry weather they 
are slightly open so that the plant does 
not lose too much water (for explanation 
of transpiration in plants, see Chapter 6). 

To illustrate that plants like animals 
need to breathe, try smearing Vaseline 
lightly on both sides of a leaf. Do not 
detach the leaf from the plant on which it 
is growing. At the end of a day or two the 
leaf will wilt because the stomata are 
plugged. Some kinds of leaves will wilt if 
only one side is coated with Vaseline. 
Herein lie some interesting possibilities 
for experimenting. Children will now be- 


Fig. 5-8 Equipment for preparing onion slice 
for microscopic examination. A drop of water is 
being put on slide, and the onion slice is to be 
placed in the drop of water. (Stanley Rice.) 
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epidermis 


Fig. 5-9 The edible part of a carrot is an en- 
larged cylinder with a core of conducting tissue. 
Water moves up through the xylem tissue. The 
dissolved food manufactured in the carrot leaves 
moves down through the phloem cells for storage. 
In most plants this conducting tissue is just under 
the cortical layer. 


gin to understand why indoor plants 
need to have their foliage washed or 
dusted to keep the stomata open and 
functioning. 

If you allow one of a pair of similar 
plants to go without water for a week, the 
microscope will show a difference in the 
stomata from the two plants. Those from 
the watered plant are open, while those 
from the dry plant have closed to conserve 
water. 

The microscope shows skin cells but no 
stomata on the top surface of kalanchoe 
leaves. Water lilies have stomata only on 
the upper surface. Grasses have them on 
both sides of the blade. In general, most 
plants have stomata on the underside of 
the leaf. 


INSIDE A ROOT 


Using a razor blade, make an exceed- 
ingly thin cross section of a carrot. Under 
a microscope you can see the tubes or con- 
ducting tissue which carry water and min- 
erals up and food down (Fig. 5-9). Tubes 
similar to these function in the "patriotic" 
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celery set in the sun to draw up red and 
blue solutions (see Chapter 6). 


LIFE IN A LEAF CELL 


Motion from life processes is visible in- 
side the leaves of aquarium plants such as 
elodea and vallisneria. Warm a slide in 
lukewarm water and place a leaflet in the 
center. Add a drop of lukewarm water 
and a cover slip. You should be able to see 
the chloroplasts (green chlorophyll bodies) 
streaming slowly around inside the cell. 
This is protoplasm in motion inside the 
living cells. 


WORLD IN A FISH TANK 


A balanced aquarium may be a gold 
mine for microscopic plant life. Any green 


Fig. 5-10 Algae cells showing chloroplasts- 
Chloroplasts contain chlorophyll, the substance 
enabling green plants to create their own food 
supply. (General Biological Supply House.) 


Fig. 5-11 Mixed diatoms. Some 
12,000 species have been de- 
scribed. These one-celled plants 
have cell walls made of glassy 
material. These shells accumulate 
in layers many hundred feet thick. 
Beds of diatomaceous earth are 
mined for their many commercial 
uses. (General Biological Sup- 
ply House.) 


scum on the sides of the tank or in the 
water is caused by the growth of primitive 
green plants called algae. On a slide these 
appear as sections of a miniature jigsaw 
puzzle. These sections are cells. The tiny 
green bodies filling the cells are chloro- 
plasts (Fig. 5-10). 

In the course of collecting frog eggs or 
other water life, you may pick up some 
green scum. Under the microscope this 
may show as thread-like plants composed 
of chains of box-like cells. You should be 
able to see the chlorophyll in each cell. 
Most pond scum contains more than one 
kind of green alga and some interesting 
single-celled cells called diatoms (Fig. 
5-11). (See also Chapter 4.) 


THE WORLD OF NONGREEN PLANTS 


There is a whole array of plants which 
do not have the all-important green 
matter, chlorophyll. Therefore, like ani- 
mals, they are dependent upon other 
plants for food. Although they might be 
thought lazy, they do many things which 
make a big difference in our daily lives. 
Take, for instance, the yeast plant, with- 
out which bread would not rise. 

A hand magnifying glass will suffice to 
begin our study of this lowly but interest- 
ing group of plants. For example, we 


might begin by magnifying the spore print 
of a common mushroom. If it is not the 
season for wild mushrooms, use one from 
the grocery store. Break off the stem and 
place the cap, gills down, on a piece of 
white paper. If you use an amanita or 
other white-spored variety, black or brown 
paper will give you more contrast. Invert 
a glass or other bowl over the mushroom 
cap. Leave undisturbed for 24-48 hours; 
then remove glass and cap carefully. You 
should find that the spores have fallen out 
to make a radial design (Fig. 5-12). The 
tiny round dots of which this design is 
made are the primitive equivalents of 
plant seeds. 

Ferns are another type of plant which 
bear spores instead of seeds. The spore 
cases are interesting brownish structures 
to be found on the underside of fern 
fronds in summer and fall. These spore 
cases look very different under magnifica- 
tion from the way they appear to the 
naked eye. The individual spores are so 
small that they are hard to observe under 
low magnification. Plants related structur- 
ally to ferns, such as ground pine, horse- 
tail, or scouring rush, shake out a yellow 
powder when the spore cases are mature, 
and are worth a closer look. Spores from 
the strange-looking horsetail have an in- 
teresting projectile device wrapped around 
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Fig. 5-12 Method for ob- 


Į 
mushroom cap 


the spore. When weather and humidity 
are right for the spores to germinate, this 
structure uncoils and propels the spore as 
far as possible from the parent plant. 

Primitive plants such as mosses, liver- 
worts, and lichens also bear spores instead 
of seeds. The fruiting bodies of the differ- 
ent species are interesting and different 
under magnification. The haircap moss, 
for example, carries its spores in a bell- 
shaped cap which has an opening that 
looks and works like the top of a pepper 
shaker when it is time for the spores to 
scatter. Liverworts are found often along 
streams. The odd-shaped fruiting bodies 
called gemmae cups grow in the center 
of the leaf-shaped thallus or plant struc- 
ture. (see Fig. 4-9A). Lichens which are a 
curious combination of a green plant, 
alga, and a fungus-like nongreen plant 
are worth magnification. 

Molds in our homes may be something 
we strive to avoid. Yet if it were not for 
molds and bacteria, there would be no 
formation of organic material to rebuild 
the soil. Leaves would fall and never dis- 
integrate into leaf mold, or humus. To 
prove that more is floating about “than 
meets the eye,” i.e., spores of molds and 
other plants, try growing mold gardens on 
a piece of bread. Close-covered plastic 
sandwich boxes which retain a bit of 
moisture work well. Exposing to air as 
little as possible, place one slice in a cov- 
ered container in a dark place. Also, ex- 
posing to air as little as possible, place an- 
other slice in a covered box or dish where 
it will get light or sunlight, as on the win- 
dow sill. The third slice of bread should 
be exposed to air in the classroom for a 
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taining mushroom spore prints. 
Try the same technique with 
other spore-bearing plants, 
e.g., ferns, horsetail, and 
other fern allies. 


half day, then put away in a warm dark 
place. A fourth slice should be placed 
in an open saucer or box top where it is 
allowed to dry out. Since dampness, 
warmth, and the absence of light pro- 
mote the growth of mold, you should 
eventually have a flourishing mold gar- 
den on your third slice. Examine with 
a hand lens or microscope. Be prepared to 
re-run the experiment as a double check 
and because it is difficult to place the first 
and second slices in containers without 
momentary exposure to mold spores and 
other bodies in the air. 

To illustrate the principle of infection, 
secure a moldy piece of citrus. With a 
needle first sterilized in flame or alcohol, 
pierce the moldy spot on the infected fruit, 
then pierce the skin of unblemished fruit. 
Put the fruit away in a warm, dark, damp 
place and check daily to see if mold forms 
where your needle pricked the good fruit. 


INVISIBLE PLANTS IN A LOAF OF BREAD 


In answer to the perennial question, 
“What makes bread rise?” challenge the 
children to discover by experiment, using 
the main ingredients listed in bread rec- 
ipes. Which one makes bread rise? Let 
the children suggest various combinations, 
for example, 


flour and water 
sugar and water 
yeast and water 
flour, sugar, and water 
flour, yeast, and water 
sugar, yeast, and water 


and others. 


Secure similar containers for the experi- 
ment, viz., pint-sized plastic food con- 
tainers such as those used to package ice 
cream. Use the same amount of water and 
dry ingredients in each container. Try 
nine parts of water to one of sugar by 
weight. If you can use warm water, the 
children should soon see bubbles in the 
mixtures containing yeast. The yeast- 
sugar mixture should show most change. 
In about 2 hours a drop of this mix- 
ture should show the cells have changed 
shape or budded (Fig. 5-13) to form new 
cells. Use one yeast cake for each mix- 
ture for fast action. The mixtures without 
yeast will show no change. 

Many children know that “soda pop" 
contains carbon dioxide. In order for 
them to see for themselves that the same 
gas is used to make bread rise, you may 
wish to initiate the following activities. 
From the druggist get some limewater so- 
lution or make your own by dissolving 
limewater tablets in water. Perhaps an 
older student with a chemistry set can 
Supply calcium oxide (CaO), a white 
Powder which is mixed with water to form 


M W 


a v if 
Fig. 5-13 Yeast cells budding after dissolving 


and standing in warm sugar water. The cells are 
Usually colorless. (Dr. Dan O. McClary, Southern 


Illinois University.) 


limewater. Allow excess powder to settle 
out of solution. Use only the clear portion 
of solution. Make a delivery tube (Fig. 
5-14) with a one-hole stopper, a plastic or 
glass drinking tube, and about 2 feet of 
rubber tubing, also available from the 
drugstore. The rubber tubing terminates 
in your container of limewater. Open a 
bottle of “pop.” Cork quickly with a one- 
hole stopper and delivery tube apparatus. 
The gas released from the “pop” should 
begin to turn the clear limewater milky. 
Repeat, with a clear batch of limewater, 
this time using a solution of sugar being 
“worked” by yeast. Since soda-acid fire 
extinguishers (see Chapter 17) put out fire 
by producing carbon dioxide (a heavier- 
than-air gas), you may wish also to simu- 
late and check this reaction. Again, using 
a clear batch of limewater, attach the de- 
livery tube apparatus to a bottle contain- 
ing vinegar just poured on bicarbonate of 
soda. Any or all of these reactions may be 
accelerated by shaking the pop bottle, the 
sugar and yeast solution, or the soda-vine- 
gar solutions. 


THE WORLD OF BACTERIA 


Bacteria, like molds, are ever-present in 
the air. There are many kinds, some of 
which cause disease and others which are 
most useful and necessary to mankind. 
Though very similar to one-celled primi- 
tive animals or protozoans, bacteria are 
nevertheless members of the plant family, 
albeit the nongreen plants. Using Pyrex 
Petri dishes and nutrient agar solutions, 
teachers may grow bacteria gardens for 
classroom study. This method requires 
sterilization, which can be achieved by 
heating agar in the Petri dish in a pres- 
sure cooker. However, interesting obser- 
vations and conclusions may be drawn 
with the help of two or more potatoes. 
Sterilize by boiling a pair of Mason or 
screw-top jars big enough to accommo- 
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Fig. 5-14 Test for carbon dioxide. 


date the potatoes. Select or have the chil- 
dren elect two children, one with very 
clean hands and fingernails, and the other 
with dirty hands and fingernails. The stu- 
dent with clean hands must not touch 
even the door knob until the potatoes 
have been peeled and placed inside the 
jars with covers sealed. Place both jars in 
a warm dark place and observe daily. A 
third grade teacher who was having great 
difficulty motivating hand-washing before 
lunch, found this experiment most help- 
ful. The potato peeled by the more casual 
contestant grew such a mass of mold and 
bacteria colonies, that a near-stampede to 
the lavatory for hand-washing ensued. 
Try also laying a hair on a slice of potato 
or letting a fly walk over the potato. 
Your school doctor or nurse may be 
able to secure and project for the children 
some slides of common disease bacteria.! 
Lest children be left with the notion 
that all bacteria are harmful, you will 
want them to look through the micro- 
scope at the amazing nitrogen-fixing bac- 
teria which you can find in the small 


' E. Morholt, P. Brandwein, A. Joseph, A Source- 


book for the Biological Sciences, Harcourt, Brace & 
World, 1958, pp. 380-81. 
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lumps or nodules on the roots of any legu- 
minous plants such as clover, alfalfa, peas. 

Recall the discovery of the wonder- 
plant penicillium and the related molds in 
the cure of disease. Some of the large in- 
surance companies have developed much 
interesting and helpful material for school 
use. 


INSIDE OF YOU 


The study of bacteria may lead the 
children to want to know more about 
themselves. A safe, readily available 
source of body cells is the cheek lining of 
the mouth. Rub inside the cheek with the 
tip of a sterile tongue depressor available 
from the school nurse. Wipe the tip of the 
tongue depressor against the center of the 
glass slide. Use a medicine dropper to 
stain the slide with iodine dissolved in 
water. Under the microscope you should 
be able to see irregularly pentagonal- 
shaped cells (Fig. 5-15). 

Through the school doctor or nurse you 
may be able to secure a blood smear slide. 
Stained with Wright’s stain, it should 
show the small circular red cells and the 
larger white cells or disease fighters (Fig- 
5-16). These latter stain purple. Un- 
stained smears show only red cells. If it is 
possible to have slides made of the chil- 


E7 


Fig. 5-15 Epithelial cells from the cheek lining 
of the mouth. This layer of inner and outer body 
covering tissue is called the epithelium. (From E. 
Morholt et al., A Sourcebook for the Biological 5c 
ences, Harcourt, Brace & World, 1958.) 


dren’s own blood, it is important to have 
parents’ consent before the school doctor 
or nurse can collect the necessary drop of 
blood. It is illegal and unsafe for children 
to prick their own fingers for the required 
blood sample. 

A sample of dried skin such as that 
which peels after sunburn shows under 
magnification the cubical-shaped cells 
(Fig. 5-17) of the human skin. 


GOLDFISH “X-RAY” 


It is a thrilling experience for children 
to observe circulating blood and living 
cells in the tail of a goldfish. This can be 
done without injuring the fish in any way. 
Wrap your pet in wet cotton and place 
him in shallow water in a glass or plas- 
tic saucer (Fig. 5-18). Focus the micro- 
Scope on the tail, which is outside the cot- 
ton wrappings. You should be able to see 
the many criss-crossed tiny tubes or blood 
Capillaries. Some of the red corpuscles 
coursing through the blood vessels will 
Move in one direction, some in another. 
Because the microscope lens reverses 
everything (see Chapter 16), the blood 
that seems to move away from the tail is 
really moving toward it. This is arterial 


Fig. 5-16 Human blood, stained with Wright's 
Stain. The many small circular bodies are red 
Cells; the five large dark bodies with complex nu- 
clei are white cells; the three small dark bodies 
are clusters of blood platelets. (General Biologi- 
cal Supply House, Chicago.) 
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Fig. 5-17 Human skin: 
from outermost layer. 


blood coming from the heart. Blood mov- 
ing in the opposite direction is traveling 
through veins back to the heart. 


INVISIBLE AQUARIUM ANIMALS 


Most balanced aquariums contain mi- 
croscopic one-celled animals, called pro- 
tozoans, and often more complex forms, 
such as the hydra (Fig. 5-19A). The ani- 


wet cotton to keep 
goldfish alive 


Fig. 5-18 Observation of blood circulation in 
the capillaries of a goldfish tail. 
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COMMON PROTOZOANS 


Fig. 5-19 (a) The hydra, a fresh-water relative of the jellyfish. (Bausch & Lomb Optical Co.) (b) 
Amoebae. Under the microscope an amoeba looks like a dab of jelly. Watch the margins bulge ang 
the cytoplasm flow in that direction until the whole animal moves into the bulge. Amoebae ‘flow 

around their food. They reproduce by dividing. (Carolina Biological Supply Co.) (c) Paramecia. The 
specimen of this common slipper-shaped protozoan in full view shows the two contracting vacuoles, 
one at either end of the body. Its whole body is covered with cilia which it uses for propulsion. (Bausc" 
& Lomb Optical Co.) (d) The vorticella, first described nearly 300 years ago by the lens-maker Leeuwen 
hoek. You may find some in pond water or in a hay-infusion culture. (From G. Simpson et al., Life, 
Harcourt, Brace & World, 1957.) (e) The euglena, an organic puzzle claimed by both zoologists B 

botanists. It moves actively by lashing the whip-like flagellum appendage. (From G. Simpson et 0 
life, Harcourt, Brace & World, 1957.) 
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mals are usually near the food which 
sinks to the bottom of the tank. Use a 
medicine dropper to bring up small sam- 
ples of water from the bottom. A drop of 
this on a slide may show such protozoans 
as amoeba, paramecium, and vorticella 
(Fig. 5-19B, C, D), and such algae as 
Spirogyra. The euglena (Fig. 5-19E), be- 
ing a borderline case between plant and 
animal, is classified as both alga and pro- 
tozoan. 


RAISING YOUR OWN CIRCUS 


A “hay infusion" culture usually pro- 
vides an interesting crop of protozoans. 
If you use pond or spring water, the cul- 
ture may also include some microscopic 
Plants such as filamentous algae and dia- 
toms. 

Boil about a quart of water. As it comes 
to a boil, add a handful of Timothy hay 
and boil for 10 more minutes. Allow it to 
cool and add 5 grams of uncooked rice or 
wheat grains. Let stand undisturbed in 
semidarkness. At the end of a week you 
Should see a dark area around the grains. 
With a medicine dropper suck up a drop 
of this to spread on a slide under the mi- 
Croscope. You may see such protozoans as 


CAPSULE LESSONS 


5-1 Encourage children to look at many fa- 
miliar objects under magnification. Newspaper, 
for example, looks very different as do various 
fabrics, pieces of wood, sugar, soda, etc. 

5-2 Secure a mailing tube or construct à 
tube of thick paper which fits snugly around a 
hand lens. If you have a second hand glass the 
Same size, cut a slot for the handle so you can 
Slide it up and down until you can focus with 
Magnification through the stationary glass. If 
the second glass is smaller, secure another tube 
to fit inside the first and move the tubes instead 
of the second glass. 

5-3 If none of the children think of it, let 
them try using different lenses on à ruler. For 


amoeba, euglena, volvox, and common 
algae such as spirogyra, cladophora, 
ulothrix, vaucheria. 

To start other colonies, put rice grains 
in another jar of cool boiled water and 
add a dropper of solution from the bot- 
tom of the first jar. If pond water is avail- 
able, compare the kinds of microscopic in- 
habitants with those from your hay infu- 
sion. Protozoan cultures are also available 
from biological supply houses (see appen- 
dix). 

As in the study of bacteria and molds, 
part of your protozoan study may include 
but should not overemphasize the role of 
protozoans in disease. 


MICROSCOPIC CRYSTALS 


Whenever possible, draw parallels be- 
tween the worlds of physical and biolog- 
ical science. For example, use the micro- 
scope to observe crystals from Epsom salts, 
table salt, or granulated sugar. Gradually 
add the salts to one half a glass of hot 
water until no more will dissolve. Dip a 
paint brush in the solution and “paint” 
a slide. Watch crystals form as the solu- 
tion evaporates under the microscope. 


example, with a lens power of 8 a line %’ long 
will appear to be 1” long. 

5-4 Let the children make fingerprints 
using thick washable paint. Another medium 
for fingerprinting is an ink pad, either the com- 
mercial kind or homemade from ink poured 
over layers of cotton. Let the children study 
these to decide in truth if everyone’s print is 
different. Then study the pattern of skin on the 
fingers. 

5-5 Study pictures in the newspaper under 
magnification. The children may be surprised 
to find they are composed of many dots. En- 
courage them to study newspaper and maga- 
zine photos in the same way. Some may make 
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the analogy between printed photos made by 
spacing of dots and the same principle as it ap- 
plies to television. 

5-6 Secure a watch with a radiant dial. Let 
children carry it into a dar closet and examine 
under magnification. As soon as their eyes be- 
come accustomed to the dark, they should ob- 
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Plants in the classroom garden 


Many teachers make a classroom more 
attractive by adding a few house plants. 
Even one plant might lead to a discussion 
as to why we think plants are beautiful. 
What if foliage were red instead of green? 
Why are plants green rather than some 
other color? Such questions lead directly 
into photosynthesis (pp. 47, 48, 55, 89) 
and into the study of light, color, and wave 
length (Chapter 16). 

Plants also make a room more healthy 
and comfortable. For instance, in order to 
maintain a constant 50% humidity, 1 
gallon of water should be evaporated into 
the average steam-heated classroom every 
day. The moisture and oxygen that plants 
give off in the classroom are worth the 
time and trouble involved in keeping 
plants. 


THE TEACHER WITH THE GREEN THUMB 


The knack of successful plant growing 
in school is not necessarily the hereditary 
Possession of a favored few. Those who 
appear to have this knack will probably 
be observed to have an insatiable curios- 
ity about plants and how they grow. And 
these green-thumbed folk appear to have 
also developed an acute awareness of the 
conditions that make plants “feel”? like 
flourishing. For instance, they are quick 
to note that a plant “looks” dry before 
this lack becomes critical. Since plants 
are relatively slow to show the effect of 


neglect, one may fail to relate cause and 
effect. 


Sunlight and temperature 


One of the secrets of success with house 
plants at school is to select the kind of 
plants that fits your room climate and 
exposure. For example, geraniums, spring 
bulbs, and other flowering plants need a 
sunny window. African violets need a 
north or east exposure. Philodendrons 
and most of the shade lovers, which do 
well in a terrarium, also need a north or 
east window. For example, a first grade 
struggled for weeks with the problem of 
surplus algae in its aquarium. It finally 
became evident, by the process of scien- 
tific elimination, that the tank was placed 
where it got too much sun. 

If a foot-candle meter is available 
through school health authorities, or a 
photo light meter through parents, the 
children who are planning with you for 
schoolroom plants will be astonished at 
the variation in light reading found in 
different parts of the room. Also note the 
variations at different times of the day. 
There is, of course, a correlation here with 
the study of seasons and latitudes (see 
Chapter 10). 

Temperature is another variantin room 
climate which affects the choice of plants. 
Take temperature readings at various 
hours and in various parts of the room. As 
an extreme illustration, take simultaneous 
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deflector 


Fig. 6-1, 6-2 Radiators too frequently monopo- 
lize the only sunlit space for house plants. Here is 
one method for solving this problem. 


readings from a pair of identical ther- 
mometers, one reading on the floor and 
one near the ceiling. Once you have infor- 
mation on your room's exposure, its aver- 
age temperature, and average light inten- 
sity, the neighborhood florist or nursery- 
man should be able to help you make a 
wise selection of plants for your room. He 
will, in addition, be impressed with the 
scientific way you taught your children to 
go about solving this problem. 

Window sills provide necessary sunlight 
for plants. However, they do impose rigor- 
ous climatic extremes on plants. In cold 
weather the plant is exposed both to blasts 
of cold air from an open window and to 
waves of hot dry air from radiators that 
are so often situated next to the window. 
A study of air in motion (see Chapter 9) 
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can prove that more effective room ven- 
tiation is secured by opening windows at 
both top and bottom (see Chapter 14). 
When the windows are left open at 
the bottom, plants may be protected from 
cold air by plate glass or Plexiglas air de- 
flectors (Fig. 6-1). In very cold weather, 
plants on the window sill may freeze at 
night unless insulated by newspapers 
placed between the plants and the win- 
dow. 

The drying effect of radiator air on 
plants may be counteracted, and room 
humidity thereby improved, by keeping 
the potted plants in a pebble tray. This 
may be made in the same manner as the 
tray for the pet cage (Chapter 2) from 
thin rust-resistant galvanized iron or from 
medium-weight sheet aluminum. Meas- 
ure the window sill or other space where 
you plan to put the pebble tray and add 
8-9” to each dimension in order to have 4 
tray about 4” deep (Fig. 6-2). Bend up the 
edges with pliers or use a vise. Bend into 4 
“pig’s ear" (see Fig. 2-3) folded back t? 
seal the corners. Hammer the folded edges 
flat with a wooden mallet or an ordinary 
hammer. If you wish, you may plan t? 
place the pebble tray directly on top ofa 
radiator if the latter has a flat metal cover 
or top. In this case, you can insulate from 
the heat by several layers of thin asbestos 
paper. For further insulation place a few 
sticks of wood, say about 34" square, b 
separate the metal bottom from the ied 
tos. Sprinkle a thin layer of pebbles on E 
bottom plus some charcoal that will a / 
sorb some of the acids produced by decay 
ing organic matter in soil. Then set potte z 
plants in place with the arrangement de 
sired; fill in around them up to the level J 
the tray’s top with small pebbles. Moder 
Vermiculite, a wall-insulating materi 
available at building supply yards ake 
florists, is lighter in weight and color Se 
pebbles and can be used in their pus 
Sprinkle water on pebbles or other “fille 


until, by probing with finger tips, you can 
feel water up to about 12” from the bot- 
tom. By capillary action (Chapter 11) the 
water rises around the pebbles so that the 
pots are always moist but not soggy. Do 
not water pots directly but carefully 
watch the level of the *water table" and 
the appearance and feel of soil in the pots. 
Keeping track of the amount of water 
needed and the variation in this amount 
depending on weather or season may be 
very useful in developing concepts neces- 
sary in a study of evaporation and humid- 
ity in relation to weather (Chapter 7). At 
the end of each school year, clean out your 
pebble tray and repaint it with metal 
Paint so that it is ready for next season. 
Aluminum trays, of course, will not need 
painting. 


Watering 


In addition to correct exposure for the 
type of plant selected, our chief concern 
Will be correct watering. 

In general, in our superheated indoor 
Winter temperatures, plants tend to dry 
Out quickly. As in our gardens, plants 
Should be watered thoroughly and then 
Permitted to dry out before being watered 
again. By “drying out" is meant that the 
Soil turns light brown and dry but not 
bone dry to the touch. The “feel” of soil 
!5 a better indicator than color. It should 
Contain enough moisture to feel cool. If 
the plant is let go too long without water, 
the cells lose their normal turgidity or full- 
Ness and the plant looks ever so slightly 
limp. If allowed really to become limp, 
p plant, even if it does not succumb, 
will require days or even weeks to go 
through the process of sloughing off the 

amaged tissue and putting out new 
8rowth. 

The usual method of watering plants 
from above is less adequate than “bot- 
tom watering.” By this is meant setting 
the pots in a dishpan, pail, or other con- 


Fig. 6-3 Sprouting tubers and seeds. Ask chil- 
dren to consider reasons for partial, not total im- 


mersion. 


tainer deep enough to permit pots to be 
nearly (not totally) immersed in water. 
The soil surface and the rim of the pot 
should not be underwater. Within an 
hour or two, the plants soak up the water 
they need, and the soil looks and feels 
moist. The pots should then be removed 
and set in saucers. 

If it is not possible to set pots in water, 
water from the top until water ceases to 
soak in. Of course, bottom watering is of 
no value except for plants in porous clay 
pots. Decorative china or glass pots should 
be used only as outside containers for por- 
ous pots. Silver and gold florists’ foil 
should be removed from pots in order to 
let air get to the roots. Painting clay pots 
also destroys their porosity. 

Bulbs and sweet potato or avocado may 
be forced in nonporous containers. How- 
ever, the bulbs are imbedded in gravel, 
providing drainage. The sweet potato and 
avocado are suspended midway in water, 
either by the diameter of the container 
(Fig. 6-3) or by toothpicks or nails driven 
into the sides. Suspend the avocado seed 
broad end down. Rudimentary buds, 
nodes, or eyes indicate the end of the 
sweet potato that should be up. Set in the 
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Fig. 6-4 Outdoor extension of window sill, con- 
truction detail. Drill drainage holes in the horizon- 
tal surface. 


dark to stimulate root growth first. Keep 
water at original level. 

Even with adequate “bottom watering" 
classroom plants do better with an occa- 
sional foliage bath. Once a month at least, 
take all the pots to the nearest sink where 
the foliage can be thoroughly rinsed off. A 
small shampoo shower head is excellent 
for this purpose. Plants in the pebble tray 
can be rinsed off on the spot, without 
moving them. A sweet potato vine grows 
much more luxuriantly if given a daily 
or bi-weekly shower. Such washing re- 
moves dust and tends to keep down in- 
festations of red spider and the like. An 
infestation of aphids may be discouraged 
by a light soap spray. The soap bubbles 
literally suffocate the aphids. If it is lady- 
bug season, preserve a few aphids alive 
so the children may have the chance to 
watch how quickly ladybugs can eradi- 
cate aphids in our gardens and backyards. 
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Perhaps the common black ants for whom 
green aphids serve as “cows” can be ob- 
served “milking” the aphids (Chapter 3). 

Encourage the children to examine the 
undersides of leaves with a magnifying 
glass. Some plant pests are so minute that 
they multiply in force before they become 
noticeable. Your local florist or nursery- 
man will help you decide which pests are 
on your plants and what to do about 
them. 

Remove dust from the leaves at least 
once a month. Dust and dirt clog the 
pores, or stomata, on the leaf surfaces. 
Chalk dust is particularly harmful. Use 
Kleenex or a soft small rag. Remove all 
dead foliage. It tends to harbor pests. 


GARDEN ON THE WINDOW SILL 


Once you have experienced some suc 
cess keeping potted plants in the class- 
room, growing your own plants for 1” 
structional purposes will not be difficult. 
Let us suppose your current social studies 
unit might be enriched if the childre? 
could experience, on a small scale, som? 
of the problems and practices of those who 
raise the food we eat. ‘| 

Depending on the season and the da! , 
temperature range, you may be ablet 
utilize your outside window sills. If they 
are too narrow for seed beds, extend them 
by a simple plank shelf laid across str?P 
iron braces attached to the building an 
6-4A), or to a shelf driven flush against : A 
wall, that nests on wooden legs (Fig. 
4B). 

Seed beds or flats such as those used T 
gardeners can be made from apple box ", 
Cut down the boxes to a depth of 3” t° die 
and tighten the corners with a few 4 a 
tional flat-headed nails. Drill a number g 
small holes in the bottom of the box- pie 
drainage may keep the box from rott! of 
out the first season. Use a soil made YP 3 
equal parts of sand, loam, and leaf mo 


) 


COM 


Planning for spring planting is a nat- 
ural lead into weather study. Your chil- 
dren may first investigate what part of 
the school grounds is the warmest, which 
the coldest. They will begin to note news- 
paper records of daily temperatures and 
precipitation. If it is too early for flats out- 
doors and there is no place in the class- 
room or school building for flats, plant 
your seeds in cigar boxes, clay flower pots, 
or any waxed container such as those used 
for dairy products. The cigar box and 
Waxed containers should have drainage 
holes punched in the bottom with an ice 
pick or other sharp tool. Do not use glass 
containers, Seeds planted in tin cans usu- 
ally do not thrive: the soil is either dry or 
Soggy unless one has punched drainage 
holes with a small nail. Try planting the 
same kind of seeds in two pots in soil which 
is kept dry, another pair in soil which is 
kept moist, and a third pair in soil which 
Is kept soggy. Soggy soil keeps air from the 
Seedlings while dry soil brings them no 
Moisture. It may be necessary to let the 
Seeds get started with normal good treat- 
Ment before showing the effects of cutting 
Off air or water supply. 


What kind of soil? 


The selection of the best soil should be 
based on tests of several kinds and mix- 
tures of soil. Make test plantings of lima 

€ans, radishes, oats, or other quick ger- 
Minators, in soil samples from local 
Sources, For example, test sand from the 
kindergarten sandbox, a nearby construc- 
tion site, a fresh-water beach, or the school 
Playground, or nearby topsoil from the 
School garden or a neighbor's garden or 
Window box, or humus from beneath 
School scrubs or from the nearest woods. 

€st soil from the center of a lot as 
well as from its borders or hedgerows. 
If Possible, secure from a nearby road- 
Cut or excavation topsoil from the thin 
dark layer on top as well as from the sub- 


frozen juice can 1 
masking tape ur 


glass baby food jar. 


Fig. 6-5 Method of testing soil samples for wa- 
ter-holding and runoff variations. 


soil layer just below. Plant at least two 
containers of each soil sample. Label with 
wooden tongue depressors or ice cream 
sticks. Treat all samples strictly alike as to 
planting procedures, watering, etc. In the 
accompanying illustration we attempt to 
show general techniques for planting in 
clay pots. These are applicable to any 
other containers. The children may notice 
that water runs very quickly through sand 
whereas clay tends to hold moisture al- 
most too well. The children may then set 
up experiments (Fig. 6-5) to discover the 
water-retaining capacity of various soil 
samples. Another way to compare soil 
properties is to roll small amounts of dif- 
ferent soil in squares of paper. Let dry 
and examine for consistency, hardness, 
and friability (see Cornell Rural School 
Leaflet Underfoot, Vol. 49, No. 4, Spring, 
1956). 

The standard greenhouse potting mix- 
ture consists of equal parts of sand, loam, 
and leaf mold or peat. Your soil experi- 
ments are apt to approach a rough ap- 
proximation of this. If there is a real dif- 
ference, encourage your children to fol- 
low the evidence of their experiments. In 
the first place, you are more concerned 
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potting mixture 
(loam, sand, leaf mold) 


sand or gravel 


bit of clay pot or pebble 


Fig 6-6 Clay pot properly prepared for seed 
planting. 


to teach children the value of acting on 
evidence than to have them memorize 
standard potting mixtures. Secondly, 
there may be some elements in your local 
soils that would account for the discrep- 
ancies. 


Seed planting 


A successful seed planting experiment 
may depend upon several individually 
minor factors. For one thing, clay pots 
should always be soaked in water just be- 
fore use. Otherwise they draw moisture 
out of the soil and away from the sceds. 
Enough water should be kneaded or 
worked into the soil for planting to form 
a soft (not muddy) ball which holds its 
Shape in the palm after you open your 
hand. The pot or container should be 
nearly filled with soil and then tapped 
on the bottom until the soil particles settle 
to within about 1" of the top (Fig. 6-6). 
Spread seeds on top of the soil. Too many 
induce rot. Too few do not allow for 
"duds" or casualties. Cover with 9-34" 
soil and firm with bottom of milk bottle, 
orange juice can, or the like. Small fingers 
are apt to compact the soil too firmly 
about the seeds. On the other hand, soil 
which is too loose and full of air spaces 
allows sprouting seeds to dry too quickly. 

Placing a pane of glass or bit of Saran 
Wrap on top of the seed containers pro- 
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duces a miniature hotbed which keeps 
seeds warm and moist until they have 
pushed up through the ground. Some 
cover seeds with a light cloth or board 
which is removed as soon as the plants are 
up. 

Small seeds and baby plants may be 
washed out of the ground by overzealous 
watering. It is advisable to employ *bot- 
tom-watering" techniques or to sprinkle 
lightly with a toy watering can or a rub- 
ber squeeze sprinkler. 

In many states seeds are available to 
schools free or in penny packages. The 
directions on the packages often consti- 
tute quite a reading lesson in themselves: 
Many include maps of the United States 
showing when to plant in various sections. 
Most quality seeds guarantee a high per- 
centage of germination. This, too, is state 
on the seed packet and may furnish an 1n- 
cidental lesson in percentage. Follow 
planting directions carefully. Use quick 
germinators such as beans, corn, and pate 
ishes. Very small seeds are hard for chil- 
dren to handle. Wheat and oats will grow 
well on your window sill “farm” especially 
if a little clay (even art clay) is added an 
well mixed in. A little clay helps soil hold 
water. As an indoor control, try sprouting 
seeds on a plastic sponge set in a sauce! ° 
water. Try any of the above- mentione 
seeds, mixed bird seed, or some chick fee 
(whole, not ground). Of course, once the 
seeds have sprouted, they will have to be 
transplanted into earth if you want 
keep the seedlings alive. A pleasant ou 
door activity can be the transplanting o 
sunflowers to borders of playgrounds 2 
home yards to feed birds in the fall 4? 
winter. 

Seeds sown in flats can be handled 
much the same way as those in pots- D h 
ever, they will be firmed into the soil W! 

a ruler or flat stick. Rows should é 
marked and labeled. Watering will o 
to be from above. It is better to Wa" 


thoroughly every 2 or 3 days than a 
little every day. Frequent light sprinkling 
tends to draw moisture out of the ground 
by capillary attraction (see Chapter 11). 
This fact is one of the reasons the 
farmer cultivates lightly and not deeply in 
warm weather. Compacted soil loses its 
moisture much faster than soil whose top 
layer is loose or mulched. Illustrate this in 
miniature with sugar lumps, powdered 
Sugar, and food coloring. The liquid im- 
mediately moves up through the lump by 
capillary attraction from one particle to 
another. Scatter a little powdered sugar 
9n top of the lump. The liquid will not 
Pass through it. 

Cultivate your window sill farm in 
Order to keep down weeds and retain sub- 
Soil moisture. Use toy hoes or rakes but 
dig lightly and well away from roots of 
Seedlings. You have probably planted 
with a plan of periodic thinning which 
Would allow the children to observe the 
development of the root system in their 
crop. Note how in some plants (e.g. 
alfalfa) the root system may be much 
longer than the plant is tall. Thin one 
Plant for every two children so they can 
Observe closely with magnifying glasses. 

f you secure some discarded lenses used 
to correct farsightedness, you can have the 
fun of making your own magnifying 
lenses (see Chapter 5). Help the chil- 
dren see the tiny root hairs which really 
do the work of absorbing water and min- 
*rals from the soil into the plant. The root 
Proper functions as a passageway or pipe- 
line and as an anchor for the plant. 

Children may see the progressive de- 
Velopment of a plant by planting bean 
Or corn seeds every 2 or 3 days for 2 
Weeks. After this time they uproot the 
Plants and lay them out in order of devel- 
pment. This method, of course, does not 
end itself to an activity involving all the 


y ildren looking at something at the same 
ime, 


Annual flowers may be grown from seed 
in your farm on the window sill. But for 
rapid blooming, it is probably worth the 
expense to get seedlings and transplant 
them. 

Once a season you may wish to add a 
small amount of lime. Sprinkle lightly and 
water in. The soil will bubble if too much 
lime is present. You may desire at this 
time to show children how to test for lime 
with vinegar or dilute acetic acid. Most 
chalk dust will bubble vigorously with the 
application of vinegar. Perhaps you can 
secure a clean chicken bone and set aside 
well covered with vinegar. As the vinegar 
dissolves the lime, the bone should be- 
come rubbery (several days). This ex- 
periment helps children realize the impor- 
tance of lime in our diet for bone building 
and teeth. 


A PIECE OF THE FOREST FLOOR 


A moist woodland terrarium provides 
a comfortable habitat for small snakes, 
frogs, toads, toy turtles, and salamanders 
or newts. Large specimens will disarrange 
and tramp down the miniature landscape 
in your terrarium. If your children ask, 
“What is a terrarium?," you can show 
them that it is a container for land-dwell- 
ing plant and animal life, just as an 
aquarium is for water life. A terrarium 
may be set up in a gallon pickle jar (wide- 
mouthed), a leaky aquarium, or a glass 
box especially constructed for the purpose. 
A glass globe tends to distort the interior 
view, and holds very little as well. 


Desert or marsh terrarium 


The children may also wish to construct 
a desert terrarium and a marsh terrarium. 
The techniques are much the same, except 
that for your desert you will select minia- 
ture cactuses and other thick-leaved plants 
which are planted in sand or sandy loam 
and seldom watered to prevent their 
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plastic covering 


rubber band 


wooden rest or support 
(may also be cut from 
cardboard carton) 


Fig. 6-7 Pickle-jar terrarium. One enterprising 
teacher taped a lens from an old hand glass to 
the mouth of the jar in place of a plastic cover. 


growing too large for the container. In this 
case, do not cover the mouth of the jar ex- 
cept with screening to keep in desert 
visitors such as a horned toad or lizard. 
Botanical gardens sell miniature desert 
plants that can survive even on a radiator. 

The marsh terrarium should contain 
such typical wet-foot plants as sphagnum, 
sedges, pitcher plants, and the like. You 
will need a watertight container if you 
build on an incline with a space for water 
at the end (see Fig. 6-9) for your amphib- 
lan guests. 


Making a pickle-jar terrarium 


The pickle jar, though soon too small 
for many plants, makes a sturdy terrarium. 
It will need a simple wooden or card- 
board box cradle (Fig. 6-7) or plaster of 
Paris base to keep it from rolling. If you 
have access to a woodland, look for small, 
compact, shade-loving plants such as moss, 
ferns, wintergreen, and liverworts. Dig 
them up with an old knife or trowel in 
order to get some soil with them. Take no 
more than one from each group of plants. 
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Leave some to spread and eventually hide 
your “robbery.” In your backyard there 
may be tiny ferns, baby tears, wandering 
Jew, or other shade lovers. Of course, the 
local florist or dime store will have an 
assortment of small plants in pots. Minia- 
ture ivy and the philodendrons are the 
safest investment. Buy only the smallest 
pots. 

Having collected plants for your terrar- 
ium, you will need a small amount of 
woodland soil or leaf mold, some sand for 
drainage, and a few pieces of charcoal to 
go in the bottom. Beginners tend to use 
too much soil, making the terrarium too 
heavy and leaving too little room for 
plants. Use only enough to imbed your 
plants and cover their roots. The soil 
should be moistened before being spread 
in your container. In larger containers; 
contour the soil into a miniature hill. To 
save weight, use an aluminum foil p!€ 
plate to form a hollow core for the hill. 

If you have bought potted plants, re- 
move from pots by inverting with two 
fingers around stem of plant. Tap rim g 
pot to loosen soil and plant should slide 
out. If necessary push from bottom 
through drainage hole. Handle carefully 
to keep soil as intact as possible aroun‘ 
roots. Set plants around on top of the 5?! 
to secure the best arrangement. If you 
use moss, plant some with the green 5! E 
out. Meanwhile imbed a container fo" 
water, level with the soil base. ^ ee 
custard cup is about the right size la i 
for your miniature landscape. Now ye 
are ready to set in the plants, covering 
roots completely and firming in RT 
Remove any bruised or broken leav 
trimming off with scissors to make 8$ 
clean cut. Wipe the inside of the m 
clean with paper toweling. Wet down M 
a sprinkler and close jar mouth with Sar? a 
Wrap or other transparent pliofilm. ot 
card the metal cover. It will rust and i$? 
transparent. 


tape edges for safety 


(b) 


After its initial “baptism” a terrarium 
should never have to be watered. Moisture 
€vaporating from the plants and the water 
dish will condense on the glass inside and 
Precipitate, a perfect example of the water 
cycle which takes place in nature. The 
first day or two, the terrarium will be so 
98By or dewy one can scarcely see inside. 

€move the cover and wipe the inside of 
the glass with paper toweling. Repeat 
When necessary, especially the “window 
Washing." In proportion as you remove 
Moisture, you may need to refill the water 
dish at long intervals. Be sure to remove 
moldy plants and to keep the glass clean. 

Ucculents such as the sedums, ice plant, 
and the like will mold in a moist wood- 
and terrarium. Use them in a desert ter- 
rarium for contrasting environments. 


Glass-box terrarium 


One can construct a larger though in- 
Xpensive terrarium from window glass 
Or the sides, top, and bottom, from a cake 
Or cookie baking sheet as a base, and from 


CT 


L ILI 


(c) 

Fig. 6-8 Steps in terrarium construction. The bottom is taped on after the sides are taped and set up. 
The top is taped all around and rests on the sides. (From G. Blough and M. Campbell, Making and 
Using Classroom Science Materials in the Elementary School, Holt, Rinehart and Winston, 1954.) 


adhesive tape to bind the glass edges to- 
gether (Fig. 6-8). 

Measuring carefully and allowing for 
the thickness of the glass at the corners, 
one may find that standard window glass 
(four rectangular sheets for top, bottom, 
and two sides and two square sheets 
for the ends) will not fit a standard cake or 
cookie tin. One may then make a tray 
from a sheet of medium gauge aluminum. 
This should be at least 2⁄2” larger all 
around than the bottom glass to allow for 
the sides of the tray which will be made by 
bending the edges up. 

Or one can have a hardware store cut 
the glass to order, to fit the cake tin. 
Again, remember to allow for the thick- 
ness of the glass in over-all measurements. 
The cake tin must be painted to prevent 
rusting. Smooth the edges of the glass with 
emery paper. Sandpaper does nearly as 
well. Have on hand two rolls of 144” 
colored adhesive tape such as the Mystik 
brand. This tape should last several years. 

Spread the glass sides and ends on a 
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taped edges 


Fig. 6-9 Completed terrarium showing home- 
made metal base, contouring, planting, and water 
dish. 


work table. Cut a piece of tape which 
will extend about 1⁄2” beyond each side 
of the glass. Then apply tape to a little 
less than half its width, about %”, and 
with 1⁄2” extending beyond glass at each 
end of the tape. Lay the adjoining piece 
of glass on the other half of the tape, but 
allow about %” space between two sheets 
of glass. This permits sheets to be set up 
at right angles to each other. Split the 
overhanging ends of tape and press to 
glass in order to provide a free-moving 
corner joint. Only half the width of tape 
attached to the first piece of glass is fas- 
tened down. The outside half is left free 
for the outer edge of the last sheet. When 
ready to attach these two, set up the four 
pieces so they make a hollow square. 
To attach the bottom, cut four tapes, 
each extending well beyond the width or 
length of the glass, as was done for the 
sides. Again, use half the width of the tape 
pressed to the bottom glass. Use the other 
half to bind the bottom to the side. Lap at 
the corners. Repeat this for each edge 
and corner of the bottom. The ter- 
rarium is now complete except for the 
cover or top. This should be bound on all 
four edges with tape. Bind top edge of 
sides and ends also. Such binding makes it 
safer to work around the terrarium and 
makes the cover just enough bigger to fit 
better and to prevent it from falling in. 
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No, don’t worry about enough air in the 
terrarium. Remember, plants give off 
oxygen, plenty for the few creatures you 
may wish to keep in the terrarium. Set 
the completed glass box into a close-fit- 
ting aluminum tray or tin cookie sheet 
(Fig. 6-9). 

Plant as you did the pickle-jar ter- 
rarium. The water dish should be larger. 
A lightweight aluminum foil pie plate can 
be bent to fit into the corner. You may 
wish to add a bit of lichen-covered bark or 
rotting wood to please your salamander 
guests. Frogs and toads like to sit on a cool 
smooth stone. Snakes like to run against 
bark or climb on twigs. 

A moist woodland terrarium provides 4 
most comfortable environment for mem- 
bers of the amphibian group. However; 
they will starve if they have no live food. 
Sweep an insect net through the grass or 
weeds outdoors or set a fly trap indoors: 
Do not put snails in a terrarium. They 
will chew your plants to pieces. It is bet 
ter to keep them separate in a quart Jar 
“snailery.” For more about food for an 
mals see Chapter 2. , 

Many children can make a pickle-jaT 
terrarium, either individually or in team”, 
For the larger glass terrarium just de 
scribed, the teacher can divide the childre? 
into committees for Materials, Construc 
tion, Planting, Care, and the like. 


PLANTS AS LIVING THINGS 


If we have encouraged you to ow 
plants in your classroom, we would en 
like to urge you to consider further exP 1 
ments to help children understand " 
appreciate plants. Many children ^ig 
even adults do not think of plants a5 liv} s 
things that must face the prob A 
faced by all living things. It 15 ade 
portant for children to learn that jar 
mately all animal life depends pe 
plants; that even man, no matter 


grow 


HUE 


Clever he is, cannot yet achieve what the 
lowliest dandelion does every sunny day— 
make its own food. 


What is a plant? 


Take your children to the nearest 
vacant lot or weed patch and ask them to 
Show you a plant. They will point to sev- 
eral, in the commonly accepted sense of 
the word. Shake your head and say noth- 
ing, even if they pick some and hold them 
up for you to see. Wait until some enter- 
prising youngster pulls up an entire plant 
—root, stem, and some soil still clinging to 
the roots. A plant, of course, is a complete 
Organism when it is part of its environ- 
ment, which includes soil. When removed 
from this environment, it is no longer a 
total organism and usually does not 
survive, 

With this introduction you are now 
ready to consider the various parts of a 
plant and the functions of each. 


From the ground up 
Most children and many adults do not 
realize that plants never become confused 
as to which way is up or which is down. 
Roots always respond positively to the 
Pull of gravity by growing down. 
_ In order to watch this process, line the 
Sides of six tumblers or plastic containers 
With blotting paper. You may wish to fill 


Fig. 6-10 Plants insist on growing upward! The 
Xperiment illustrated uses geraniums. 


Fig. 6-11 Even seeds react to the force of 
gravity, roots always sprouting downward, and 
leaves and stems upward. 

the centers with peat, cotton, sawdust, or 
the like. However, this is not essential. 
Push some bean, radish, or corn seeds be- 
tween the glass and the blotter about an 
inch apart. Keep a small amount of water 
in the bottom of each tumbler. As soon as 
the seeds begin to sprout and roots and 
stems show, set two tumblers on their sides; 
invert two more which you have taped or 
done up with rags or screening to keep the 
contents from falling out. Compare the 
roots in a few days; then return one of 
each experimental pair to the control or 
normal position. In a few days, again note 
direction of root growth. Try the same ex- 
periment with three medium-sized potted 
geranium plants (Fig. 6-10). Here you will 
see stems responding negatively to gravity, 
i.e., growing away from its pull. 

A third experiment that illustrates this 
principle of geotropism in plants requires 
two squares or panes of glass the same 
size, some damp cotton or blotters, and 
fast-germinating seeds. Lay glass on work 
table, cover with blotters or cotton, and 
then place seeds about an inch apart on 
the blotter. Cover with the second glass 
square and tape together. Set on edge in 
Vo-1" of water in a glass casserole or 
other container (Fig. 6-11). Assoon as the 
roots show, give your glass “sandwich” a 
quarter turn and watch the roots respond. 
Return to the original position in 3 or 4 
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watered end 


Fig. 6-12 An illustration of how plants reach 
for water. 


days and watch the roots reverse them- 
selves. 


Plants look for water 


Cut two adjacent sides from a half-gal- 
lon milk carton. Lay the carton on one of 
its remaining sides. Slip in glass window- 
pane to replace one side (Fig. 6-12). 
Punch a few small drainage holes in the 
bottom with an ice pick, and spread a 
thin layer of sand and/or gravel in the 
bottom. Fill three quarters full of potting 
soil. Plant seeds in one end where the 
roots will grow close to the glass. As soon 
as seeds have sprouted, water only in end 
of the box opposite seeds. Covering the 
glass with dark paper will stimulate root 
growth. Watch how roots grow toward 
water. 

Construct another milk carton seed box 
with a glass front. This time imbed a small 
empty flower pot in the soil in the center 
of the container (Fig. 6-13). The pot 
should be unpainted, and the bottom 
drainage hole should be corked. Keep the 
pot partly full of water. Plant seeds at both 
ends of the container close to the glass. 
The roots will grow toward the water 
source in the middle. 

How thirsty are plants? Here is one 
way to measure the amount of water 
used by a plant such as philodendron, 
which will grow in water. Use a glass con- 
tainer to show water level. Insert the 
plant’s stem. Mark the water level each 
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day with wax crayon on the outside of the 
container. Prevent evaporation from the 
water surface by sealing the top of the con- 
tainer with foil and a rubber band. Press 
the foil tightly about the plant’s stem. 
Some children may wish to set up a more 
scientific apparatus for measuring water 
loss in plants. Help them to secure a small 
funnel, some rubber tubing, a plastic or 
glass drinking tube, and some aluminum 
foil, paraffin, or chewing gum. Connect 
the funnel and one end of the drinking 
tube by means of rubber tubing. Seal the 
geranium cutting into the other end of 
the tube with chewing gum or soft wax 
(Fig. 6-14). Add water daily by means of 
the funnel. Measure and record the 
amount necessary to maintain the water 
level in the tube. 


The root 


Remove some seedlings from your glass 
“sandwich? or tumbler garden. Look 
closely at the roots. Even without a mag- 
nifying glass or low-power ai e 
you can see the tiny root hairs on t? 
roots. These, rather than the roots, do the 
work of bringing water and minerals out : 
the soil into the plant. Replant your see à 
lings, stripping the root hairs from wre 
and handling others as carefully as possib 5 
In most transplanting, root hairs are i 
stroyed and later replaced by new pe 
However, we try to destroy as few as ie 
ble to minimize the shock to the plant 


ing in 
Fig. 6-13 Another example of water-seeki 
plants. 


i» 


To illustrate the effects of careless trans- 
planting, select six seedlings from among 
those planted in soil. Pull up two rather 
carelessly and replant in soil. Using a 
trowel, spoon, or putty knife, dig up two 
more, trying to disturb soil around roots 
as little as possible. Transplant carefully. 
Leave two plants undisturbed. Compare 
growth of the three sets. 

There are two schools of thought on 
Watering transplants. You may wish to try 
both methods and decide for yourself. In 
the first method you transplant seedlings 
into holes prepared for them, fill with soil, 
and then fill with water. In the second 
method you fill holes with water, then put 
in plants, and then fill around roots with 
Soil. Either way requires firming seedlings 
In place with your hands. 

Roots, like icebergs, are often more ex- 
tensive below than what we see above the 
Surface. Alfalfa roots have been known 
to go down 300' in dry soil. Try digging 
"P some weeds and examining the 
Toot system as compared to the part 
above ground. The roots of any le- 
Suminous plants (alfalfa, clover, lespe- 
deza, etc.) will show very small knobs or 
nodules. These contain nitrogen-fixing 
bacteria which can take nitrogen out of 
the air and make it available to the plant. 
Without heat or noise, these tiny organ- 
‘sms can accomplish what it takes many 

undred kilowatts of electricity to accom- 
Plish at huge power plants. Try planting 
Seeds in soil in which you have mixed 
Some of these nodules. Compare with seed 
8rowth in control pots of soil to which you 

ave not added these nitrifying agents. 

Roots, of course, provide a passageway 
for water and minerals to move up into 
the plants, Encourage children to look for 
the bundle of stringy conducting tissue in 
the center of mature root vegetables such 
as parsnips and beets (Fig. 5-9). 

. Roots also have an important function 
in anchoring the plant in place. Help chil- 


Fig. 6-14 One method of measuring the amount 
of water used by plants. This experiment uses a 
geranium cutting. 


dren to see how firmly some weeds are 
held in place by their root system, and 
why other kinds are easy to uproot. Help 
them to notice how trees with shallow root 
systems, such as the black acacia, are 
among the first to go over in a wind. 

If any children return from a trip to the 
mountain with specimens of lichen-cov- 
ered rock, show that plants are not as 
weak as they look. Except for winter frost, 
which cracks and splits big rocks into 
smaller ones, there would be little soil for- 
mation on the mountains, if it were not for 
lichens. These, the first plants to gain a 
foothold on rock, combine carbon dioxide 
from air and moisture from the plant to 
form weak carbonic acid that very slowly 
disintegrates the rocky host. At this point, 
you may demonstrate how acid can dis- 
integrate rock. Pour vinegar on soft lime- 
stone or chalk. The resulting bubbles are 
formed by carbon dioxide released from 
the limestone or chalk by vinegar. The 
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Fig. 6-15 Sweet potato plant. 


children also need to observe the force of 
water expanding as it freezes. Fill a screw- 
top bottle with water, close cover securely, 
and refrigerate inside a heavy bag or box 
(to restrict glass splinters). 

Gardens from roots. Although Irish 
potatoes are really underground stems, 
the sweet potato is a root. Many teachers 
grow a luxuriant, attractive room plant 
from a sweet potato. Select one which will 
be only partly submerged in water. If 
the container is too wide, keep the po- 
tato partly out of water with toothpicks 
or nails (Fig. 6-15). Place the pointed 
end in water and keep in the dark until 
roots are well developed. Keeping the po- 
tato in a warm place (e.g., the top of a hot- 


t water level 


Fig. 6-16 Winter greenery. Let children try a 
variety of vegetables, even some you know will 
not sprout. We eat, as vegetables, plants which 


store food in roots, leaf bases, and underground 
stems. 
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water boiler) at home and daily sprinkling 
of the part out of water will hasten plant 
development. 

Try cutting down an inch or two from 
the tops of such root vegetables as beets, 
carrots, turnips, onions, and parsnips. 
Trim back any foliage, being careful not 
to injure new central growth. Imbed these 
tops in gravel or Vermiculite in a shallow 
dish. Water should come up only part 
way. Attractive green sprouts will soon 
emerge (Fig. 6-16). 

Make a carrot basket by hollowing out 
the center of a large fleshy carrot from the 
bottom. Tie up with strings (Fig. 6-17) 
and fill with water. If roots sprout from 
your “basket,” you may eventually wish 
to transplant it into soil. 


Why stems? 


Most children soon realize that roots 
and leaves are necessary to a plant. The 
purpose of plant stems is less obvious. Ask 
the children to suggest what functions 
some might have, and write these on the 


ASS 
stem 
Fig. 6-17 Food stored in the fleshy our root 


: IAS c 
of a carrot may even in mid-air produ 
sprouts. 
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blackboard or chart for reference. Ask for 
ways of verifying the suggestions. If chil- 
dren suggest that stems provide pipelines 
for food and water, test this view by the 
following experiment. 

Patriotic celery. Secure stalks with 
leaves turning yellow. Place one in clear 
water, one in red ink or food color solu- 
tion, and one in blue; leave in bright sun- 
Shine for a few hours. You should note 
some change in the leaves. Also use let- 
tuce leaves. A cut across a piece of celery 
left in solution should reveal that celery 
"strings" are really the “pipes” or con- 
ducting tissue. Repeat your first experi- 
ment but use one stalk of celery split three 
ways and straddling all three solutions 
(Fig. 6-18). Try the same methods with 
White carnations. Using celery or carna- 
tions and one color solution, cut one stalk 
at right angles and one obliquely. Observe 
which transports liquids most quickly. 
Freshly cut stems provide better conduc- 
tion than dry and partially sealed cuts. 
An oblique cut provides more absorptive 
surface. Apply conclusions to care of cut 
flowers at home. 

If you have access to jewelweed (Im- 

patiens), the fresh-water, stream-side plant, 
hold it up against the light and note the 
fibrovascular bundles or plant pipelines 
'n the stem. 
. Trees and stems. Watching trees sway 
in the wind, children may need your help 
to realize that trees are big plants and that 
the trunk must carry water and minerals 
to the top as well as bear the great weight 
9f the branches. Little children enjoy the 
dramatic play of simulating with upraised 
arms the shapes of trees and their motions 
in the wind. 

_ Trees have bark to protect themselves 
Since they cannot run away or fight, as do 
animals. Like trees, plants with tough 
Stems are often perennials, rather than 
annuals which live but a season. Perhaps 
the consideration of plant stems may lead 


Fig. 6-18 Celery stalk split to stand in three 
colored solutions. The colored solutions travel up 
through the xylem cells (see Fig. 5-9). This experi- 
ment should be done first with a single stalk of 
celery and a single color, then three as shown. 


to thinking about tree rings. The trunk 
of a discarded Christmas tree may be 
cross-sectioned very quickly with a hand 
saw, and thereby provides arithmetic 
counters as well as examples of tree rings. 
If it is possible to examine fish scales under 
low-power magnification, the children 
may see the analogy between trees and 
other living organisms. A pet turtle shows 
growth rings in each individual scale, par- 
ticularly along the margins of its back. 
Stems support leaves. The second 
major function of plant stems is to hold 
the leaves up to the light in order for the 
process of photosynthesis or food-making 
to take place in the leaf. On class trips 
to a ncarby weed patch, compare the dis- 
play possibilities of weeds with tall stems 
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and those without stems. Notice how low- 
growing plants often have developed a 
rosette arrangement of the leaves to per- 
mit maximum exposure to light. Look 
carefully at a shrub or small tree and see 
how few leaves are shaded by the others. 
Leaves grow on a stem in an arrangement 
providing the most light for each leaf— 
alternate, one leaf at a node; opposite, two 
leaves opposite each other at a node; or 
whorled, three or more leaves at a node. 


THE BUSINESS OF PLANTS 


Any discussion of where our food comes 
from soon leads children to realize that 
the whole of our daily diet (except salt 
and water) comes directly or indirectly 
from plants. A social studies unit on the 
grocery store can be enriched by a bul- 
letin board plant. In a study of nutrition, 
we pinned up a stylized plant cut out of 
construction paper—the roots blue, the 
stem red, the two or three leaves green, 
and the conventional five-petaled flower 
yellow. The children enjoyed adding col- 
ored cutouts of foods derived from roots, 
from vegetable stems, and so on. The 
same method might be applied to uses of 
plants in construction, as for example, in 
a social studies unit on lumbering. A 3-D 
bulletin board might effectively illustrate 
the “Garden in the Grocery Store,” the 
“Garden in the Dry Goods Store,” and 
other activities. 


PLANTS IN THE FALL 


In most sections of the country there 
are some activities in relation to plant 
study that are more easily motivated in 
fall than at other seasons. In some areas 
early September days at school may be 
quite warm. School may seem all the 
more confining to children who have had 
three months of freedom. Outdoor tree 
study may therefore provide some release 
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for youngsters in addition to educating 
them. 


Tree study 


Even if you do not know the names 
of trees around the school, your custo- 
dian or principal may be able to help 
you name a few. Bring in one leaf each 
from five to ten selected trees, and ask 
teams of two to three children to find the 
tree from which each leaf was picked. 
When everyone has located and matched 
his leaves, the class makes the rounds to- 
gether to give each team a chance to prove 
their “match” and tell anything more 
about their tree. Such a tree-matching 
game would, of course, be limited to the 
school grounds or some small area where 
children could be supervised and safe 
from traffic hazards. 

Another day you might reinforce the 
tree-matching activity by introducing 
children to the joys of making blueprints 
(see Chapter 12) of a tree leaf which they 
can identify. Spatter-printing is also an 
enjoyable way of becoming familiar with 
tree leaves. 

As your children learn to know thé 
trees around school, they may wish to 
make a plant map of the school grounds. 
This might lead to suggestions for fur 
ther planting, especially for a mulberry 
tree to provide food for silkworms ! 
spring. In the East, fall is a very a 
time for transplanting trees and shru?" 
The Audubon Society, 1130 Fifth Aves 
New York City, has lists of shrubs an 
trees containing fruits attractive to W! 
birds. i 
Another way of learning about me 
to make sketches of them. The district : 
Supervisor will suggest simple techni 
for drawing trees—from the bottom es 
the top down. Some preliminary € a 
room practice will enable childre^, ., 
draw recognizable trees. On the first ©, 
of Indian summer weather they W! 


Prepared to go outdoors to sketch trees. 
Date the sketches and keep them for com- 
Parison with sketches to be made in win- 
ter or spring. 


Autumn colors 


In those parts of the country where au- 
tumn is announced with a defiant splash 
of colored leaves, children and adults alike 
become very conscious of tree leaves. With 
the least encouragement you will have 
enough for a fine display. Some of the 
leaves may be preserved for a time by 
Coating with wax. Iron the leaves between 
two layers of wax paper covered with 
newspaper to absorb excess wax. Or dip 
the leaves in melted paraffin (not hot). 
One method that permits immediate 
Mounting on tagboard is to dip the leafin 
glue. 

At the end of each leaf stock (petiole) 
Notice the corky layer that has formed to 
Seal off the leaf from the parent tree. You 
Should be able to see the knobby scars of 
the food and water “pipes” or bundle 
Scars. These too have been sealed off to 
help the leaves fall in autumn. 

After the leaves are off, it is easier to 
find abandoned bird nests, hornet nests, 
and other insect homes. The children may 
enjoy taking a bird nest apart and listing 
the "contents." A third grade listed nearly 
300 separate items, including a dollar bill 
In one phoebe's nest. Do not take a hornet 
nest apart indoors. The warmth may 
Cause some of the larvae to hatch! 

_ Discuss what would happen if leaves 
id not fall, Share experiences about the 
Weight of snow. What would snow do to 
leaves? Could deciduous trees bear the 
Weight of snow if they kept their leaves? 
9tice how rigid and often upturned are 
the branches of most deciduous trees. 
bserve how Christmas tree branches are 
More often horizontal and can bend with- 
Out breaking. 
The inaccessibility of water—one fun- 
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damental reason for leaf fall —can be il- 
lustrated by simple demonstrations that 
also show how plants maintain humidity 
in the air. Secure two geranium plants 
about the same size, and envelop the foli- 
age of each in a cellophane vegetable bag. 
Place one plant on a sunny window sill, 
but keep the second away from the sun- 
shine. Ifthe children think that the mois- 
ture which collects in the first bag comes 
from soil, repeat, covering the soil with a 
circle of cardboard or plastic. Repeat the 
next day and add a pot of soil in which 
you have stuck a dead branch. Cover this 
with a cellophane bag and place in the 
sunshine. Because the branch is not liv- 
ing, no transpiration of water will take 
place. Freeze some soil in the refrigerator 
to show the children how winter locks 
water away from plants. 


SEEDS IN SEASON 


As seed planting comes with spring, so 
seed gathering comes with fall. One might 
plan with the children a display of seeds 
from the grocery store or seeds from the 
pet store. Fall is the season for collecting 
wild seeds such as burdock or sticktight 
seeds. Encourage children to collect as 
many kinds as possible. Dragging a cloth 
through a weed patch collects quite a few 
seeds. Store in cellophane bags with avail- 
able data on location, general description 
of plant, and possible identification. Al- 
though you have already considered the 
problem of organization and arrange- 
ment, you will wisely not vouchsafe any 
suggestions until the children themselves 
see the need of sorting seeds, for example, 
according to ways seeds travel—by air, 
water, wind, animals, gravity, etc. The 
peripatetic habits of western tumbleweed, 
for example, make it of greater interest 
and value to cattlemen than to songwrit- 
ers. Draw analogies between fliers’ para- 
chutes and the mechanics of such airborne 
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cargo as dandelion seeds. Notice how 
maple seeds whirl earthward like the 
blade of a helicopter. The air propulsion 
material that causes the “itching powder’ 
in sycamore balls should be examined and 
discussed. The number of seeds in a ball 
might be estimated and then counted. 
There are many seed pods which, like 
sycamore, illustrate the principle of plant 
“insurance.” 

Call the children’s attention to the 
economy of arrangement and beauty of 
design of seeds in a milkweed or jaca- 
randa (subtropical tree) pod. Note the 
elastic attachment of seeds in the mag- 
nolia “cone” which lengthens as the seed 
ripens and permits it to swing and scat- 
ter further from the parent tree. 


Evergreens 


The season’s green evergreen cones may 
be brought in to dry and allow the seeds 
to drop out. Observe the wing on each 
seed and the “nest” or special place for 
each seed on the bract scales. Point out 
the naked seeds typical of cone-bearing 
trees. Help children draw a comparison 
with the covered seeds of other plants. 
Children who have visited the Rockies 
may have seen the heaps of pine cone 
bracts or scales discarded by Douglas 
squirrels harvesting cones. The chickaree 
(squirrel) buries its green cones in these 
damp “silos” which keep the seeds from 
falling out until it is ready to eat them. 

Most evergreen cones take on a pol- 
ished appearance if one places the dry, 
open cones in a very slow oven. Place on 
newspaper to catch excess pitch. The con- 
Sequent polished look is due to the resin 
being brought to the surface by heat. 

Christmas season is timely for securing 
samples of different kinds of evergreens. 
Help children realize that needles are 
really leaves and how evergreens are able 
to keep their leaves. The Garden Club of 
America, 598 Madison Ave., New York 
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City, will send information on Christmas 
greens such as ground pine and groundsel 
which are becoming scarce and should be 
spared in favor of more common species. 


Deciduous trees 


Deciduous trees in winter reveal their 
true shape. When weather permits, the 
children may enjoy making sketches of 
the same schoolyard trees they drew in 
early fall. The comparison with earlier 
sketches should be interesting. Look again 
at buds, bud scales, leaf scars, and bundle 
scars which you saw in the fall. Bring in 
twigs or branches of various trees and 
shrubs for indoor forcing. Forsythia, 
flowering quince, and some fruit trees 
may be forced into bloom indoors. Other 
species may not sprout flowers but will 
sprout new leaves. Daily sprinkling ac- 
celerates growth. 


Cabbage chemistry 


When red cabbage is in season, chil- 
dren can find out that the juice turns dif- 
ferent colors when mixed with acids or 
alkalies. Try mixing with such weak acids 
as vinegar or lemon juice; then compare 
color when cabbage juice is mixed with 
such alkalies as ammonia or dissolved 
soda. Using crayons, make color cards 
showing gradation of color produced by 
mixture with various substances. 


WINTER DISH GARDENS 


The tops of fleshy vegetables as a source 
of green in winter have been described 
above (Gardens from roots). Try the same 
method, using a pineapple top cut 1-4 
below the base of the leaves. Make hori- 
zontal and vertical sections of onions t? 
observe “the plant inside." Cut unde? 
water to prevent the eyes from watering: 

Scatter birdseed, chickfeed (whole; not 
ground), or grass seed on sponges in a shal- 
low dish of water. The resultant seedlings 


will eventually have to be transplanted to 
soil in order to survive. 

Start narcissus bulbs in the dark to pro- 
mote strong root growth before the tops 
get started. Imbed in enough pebbles to 
ind the plant from tipping over when it 
Fiere Keep the water level just above 
Wish a, no more, or less. To discover 
Mis ae of the plant grows fastest, 
kienes tip ofone with India ink at close 
mia vem watch whether the intervals 
inl the same. Better-quality bulbs, 
the aiat expensive seeds, often justify 
of bl itional expense in the percentage 

oom. 

Hes leaf cuttings of Rex Begonia. Cut 
and pe m of the large veins underneath 
sand acd own with toothpicks in damp 
should b pecial soil for cuttings. The leaf 
benedi pigen surface or top down. An 
moist ^. ass casserole will keep the plant 
filing: ots sprout at slits. Strawberry 
Own ion be propagated bý pegging 
€ stolons or runners with hairpins. 
Bt growth has taken root, snip the 

;ecung stolon. 
M Fi is make miniature greenhouses 
lings of roses or geraniums. Place 


the : 
C : | x . 
Utting in sand and invert a pint Jar 
Ver it, 
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ait Easter prepare an eggshell garden. 
small fi ells bright colors, fill with soil and 
Pend eee seeds or seedlings, and sus- 
anoth Om d branch of driftwood or 
er display rack. 
hing _willow and other branches 
wi ih dun for forcing often sprout roots 
€ sur permit later transplanting 1n soil. 
and in to trim the cut ends under water 
A Hindi in the event that the 
€ngth Jr have been exposed to alr for any 
ins with = Examine pussy willow cat- 
Will so, = magnifying glass. The children 
©n notice that there are two kinds 


of flowers, the male and female. In other 
tree flowers, help the children see whether 
there are two kinds of flowers or two kinds 
of parts to each flower. Look for male and 
female flowers oñ evergreens. Place fra- 
grant tree flowers such as Norway maple 
on the window sill and watch for bees at- 
tracted by the scent. 

In general we are more apt to look at 
flowers than to collect them. But if chil- 
dren have been helped to know which 
kinds are scarce’ and should be left to 
grow, they will collect and press a few 
common flowers or weeds. Spread out one 
of a kind on a 3 X 5 card and cover com- 
pletely with Scotch tape or with cello- 
phane and Scotch tape in order to retain 
color and form. Entrancing art work may 
emanate from a study of common weeds. 
Mount them on art paper, using the weed 
as the basis of a stick figure. For example, 
foxtail grass heads make a beard for 
Grandpa Foxtail or chaps for the dashing 
cowboy, Johnny Foxtail. 

"Take a short quick field trip around the 
school grounds to find out where plants 
are growing. In what kind of soil do you 
find the most plants, the fewest plants? 
The chances are that the children will see 
that few or no plants grow in thorough- 
fares where the soil is packed down; most 
plants grow along fences, where there is 
little wear and tear and more moisture. 
Along these same fences, the children may 
wish to plant sunflower seed or other 
plants to provide bird seed for next fall 
or winter. 

To show that plants need sun, lay a 
board over some grass for a week or two, 
remove, and compare the color of the cov- 
ered grass with that of the grass around 
it. See how long it takes for the grass 
which was under the board to turn green 
again. 


ı Wild Flower Preservation Society, 3740 Oliver 
Sc, Washington 15. D.C. 
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WHAT'S INSIDE A SEED? 


Many children have no realization that 
there is a tiny plant within a seed, and a 
food supply to take care of its first needs. 
Draw the analogy here with the jelly sur- 
rounding frog eggs, egg white, and the 
like. 

Let children examine the hard outer 
coat on corn, peas, and bean or pump- 
kin seeds. Soak overnight and try remov- 
ing what was the hard outer coat, Re- 
move the food part of the plant and try 
replanting. Think about the energy 
needed to split such a hard coat and to 
push up through the ground. 

Make a temporary seed box from a 
‘half-gallon milk carton. First remove 
one side and enough of a second to per- 
mit slipping in a glass windowpane. See 
Fig. 6-12 and Fig. 6-13. Next plant 
seeds at different depths against the glass. 
Cover the glass with dark paper when not 
observing. Cover the box with cellophane 
to retain moisture until seeds have 
Sprouted. On a calendar keep track of the 
time required for seeds at different depths 
to send shoots up to ground level. Plant 
other seeds at normal depth in the rear of 


CAPSULE LESSONS 


6-1 Suggest to the children that they notice 
which plants the florists keep out of the win- 
dow, and why. They are probably the shade 
lovers such as fern and philodendron. 

$-2 Planin the fall with children for spring- 
flowering bulbs. Before Thanksgiving you should 
see the bulbs advertised for indoor winter forc- 
ing. Reading up on planting directions and writ- 
ing for bulbs and materials can be more inter- 
esting than some language lessons from the 
book. Children can usually bring appropriate 
bulb containers from home. Easy-to-grow paper- 
white narcissus bulbs are best set in gravel, 
hyacinths and tulips in soil in clay pots. Con- 
sult your local nurseryman for details, again a 
useful community life experience, 

$-3 Younger children are fascinated with 
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the seed box. Each day dig up one or two 
seedlings to observe development. 

Try to secure an avocado seed which 
has already begun to sprout. Suspend it 
in a jar broad end down so that it will be 
only half covered with water. Keep in the 
dark for a few weeks until the seed splits 
and sprouts. Don't forget to water. When 
the plant has a good start, transplant to 
soil. 


Rag-doll seed tester 


Some germination experiments not 
only help children learn about plants but 
may serve as a valid reason for using 
methods of figuring percentages. Mark off 
a strip of old sheeting in 6" x 6" squares. 
Place peas, beans, buckwheat, petunia, or 
other seeds in sample lots of 10 or more in 
the center of each square, about 1" apart. 
In each square write name of seed, date, 
and name ofchild who planted or brought 
the seed. Seeds tend to stay in place better 
if cloth is damp. Cover with another strip 
of sheeting. Roll carefully and fasten with 
rubber bands. Set in a shallow dish of 
water for a few days. Unroll every few 
days and observe results, 


the shape, size, and texture of various seeds. 
Provide four or five kinds (e.g., corn, peas, 
sunflower seeds, radishes) for them to examine 
under a hand glass. They will no doubt bring 
additional kinds to add to the seed collection: 

6-4 Many children do not really think of 
plants as living things. Whenever possible, try 
to help children become conscious of problems 
and adaptations that are parallel in plants and 
animals. 

6-5 Letchildren experiment with vegetable 
dyes and plants such as celery to watch the ris- 
ing color. Let them cut the plants in cross sec- 
tion to decide which part of the stem carried the 
dye. 

6-6 In the late fall take a shovel and card- 
board box to a vacant lot and look for peren- 


nial weeds which grow through the winter in 
green rosettes close to the ground. Yarrow 
| brought indoors and potted may become as at- 
tractive as a fern. In England, our common 
mullein is called American velvet plant. The 
feathery leaves of Queen Anne’s lace are ex- 
quisite. Field daisies and dandelions subjected 
to indoor “forcing” bloom within a few weeks. 
Look also for oxalis, which resembles a sham- 
| noa and St.-John’s-wort with its “pinhole” 
Caves. Pennyroyal brought indoors may give 
you a delightful “hint of mint” on a cold win- 
ter day, 
ed If you can, secure the Cornell Nature 
inier Leaflet, Vol. 50, No. 1, Fall, 1956. There- 
«eds will find reprinted, with slight revisions, 
LH p^ description and numerous sketches by 
plain riis the great horticulturalist, to ex- 
Write ue d Squash Plant Gets Out of the Seed. 
Sec nin 1896, it is as interesting and charm- 
ote when it was written. You may wish to 
check rage upper grade children to read and 
CK it against growth in their own seed ex- 
Periments, 


$8 You may want your pupils to do some 
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Weather 


Every day thousands walk to work 
through a small park near the center of 
the biggest city in the world. Sometimes 
€ven before the sun is high the pavements 
along one side of the park are damp while 
those across the park are dry underfoot. 
Here we have two climates in miniature. 
The damp climate is caused by the longer 
Period of shade as cast by the buildings on 
that Side of the park. The dry climate side, 

eng relatively unshielded, gets more 
afternoon sun, absorbs more heat, and 
thus dries out more thoroughly. Whether 
ur school grounds are small or large, 
Misia in an urban or rural area, they 
oe afford us some interesting oppor- 
nities to learn about the world around 
us, both near and distant. We can learn 
a deal about the climates of our 
country and of the world by studying the 
the n Forests” of our school shrubbery, 
des grassy prairies of the school lawn, the 
"rin of the hard-packed playground 
un Ha is the result of the interaction 
as *mperature, pressure, and humidity 
t affected by the rotating earth. Begin 
T Study of climate and each of its causes 
aha locality. You will find it conven- 
t to map the school grounds, to inven- 
ory the terrain, and to pinpoint locations 
Me careful look at the ocean of air 
ich we live. Use large paper; divided 


into squares, each square to represent 1’, 
10’, or whichever unit is appropriate to 
the size of the school grounds. Groups of 
two or three children working in teams 
can measure and draw a small section 
that will be transposed to a large master 
map. The map need not be too de- 
tailed. It should show the outlines of the 
buildings, the boundaries, the general lo- 
cations of such areas as shrubbery, trees, 
bare playground, lawn, etc. (Fig. 7-1). 
Each child can then make on graph paper 
his own copy of the master map. 


TEMPERATURE AND CLIMATE 


What does the thermometer read? 


Primary grade children like to learn to 
read the room thermometer especially if 
it enables them to help the teacher by 
acting as “window monitors” in charge of 
room ventilation. To help children learn 
to read thermometers easily and without 
embarrassment, make or secure giant-size 
thermometers. We have also used success- 
fully a thermometer made of tagboard 
and a long zipper (Fig. 7-2). Calibrations 
are drawn directly on the chart, or a strip 
of graph paper is pasted down the center. 
The zipper is sewn or glued to the chart, 
and the metal strip and handle are 
painted red with nail polish. The children 
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Fig. 7-2 Model zipper thermometer. 
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love to raise and lower the zipper handle 
and “read the thermometer.” As interest 
grows, it may be possible to install an out- 
side thermometer for reading, recording, 
and comparing indoor and outdoor tem- 
peratures over a period of time. 

It is possible to make a simple ther- 
mometer from a milk carton. Make a hole 
in the center to hold a straw made of non- 
inflammable plastic. Seal the straw in 
place with candle wax or gum (Fig. 7-3). 
Fill the container with colored water. Seal 
the container opening and add about an 
inch of colored water to the tube. As the 
temperature rises, the colored water in the 
tube will rise as the water in the sealed 
container becomes warmer and expands. 
You can keep a record by measuring the 
column of liquid with a ruler and com- 
pare this with measurements made at 
other times or under other temperature 
conditions. 

Use the same device without liquid to 
make another kind of thermometer. In- 
vert on a wooden stand (Fig. 7-4). The 
plastic tube sits in a tumbler of colored 
water. When the temperature increases» 
the liquid in the tube will go down. When 
the temperature decreases, the liquid rises- 
An increase in temperature expands the 
air in the container and forces the liquid 
down in the tube. When the temperature 
drops, the air in the container contracts» 
and the air pressure on the surface of th 
liquid forces water up the plastic tube- 


Warmth and plant life 


Government naturalists cc!lecting SP€C* 
imens of plant and animal life in UF 
Western mountains began to wonder why 
Certain species were found at some alti- 
tudes but not at others or were found °” 
the south face of a peak but not on es 
north side of the same peak. They bega” 
to believe that the mean average temper” 
ature for the year was the underlying 
cause. Their idea has been called the ^g 


Fig. 7-3 Simple liquid thermometer. 


zone” theory. If we take accurate temper- 
ature readings through the year in selected 
Spots on our school grounds, perhaps we 
shall begin to see for ourselves why some 
Shrubs, for example, can flourish on the 
South Side but not on the north side of our 
buildings, To make this study we need 
Several dime store thermometers showing 
the same readings at the time of purchase. 
Places for making temperature readings 
include the lawn, the school garden, the 
are playground, under shrubs and trees, 
M rige the sidewalk, one foot inside or out- 
Ide the eaves of the building, all four 
Sides, etc. Use one of the small maps show- 
'ng these locations to record air tempera- 
tures taken daily at the same time. Air 
temperatures are considered to be more 
accurate if you keep swinging the ther- 
Mometers at the end ofa string. Be sure to 
Sade the bulb when making readings in 

Sunlight, 
Compare air temperature readings with 
alias temperatures read by placing 
$rmometers bulb down on the ground. 
on underground readings by making a 
as in the soil. Slip the thermometer 
the opening, press the soil close 


around the bulb, and read as soon as the 
liquid stops moving. 

Snow often serves to insulate and pro- 
tect plants and animals against very low 
temperatures. Use a yardstick or, if the 
snow is too deep, a broom handle or piece 
of doweling marked off in inches. Fasten 
the thermometer to the bottom of your 
measuring stick. Observe and record the 
temperatures at difficult depths in the 
snow. Read aloud what Justice Wm. O. 
Douglas wrote about camping out in snow 
in his book Of Men and Mountains. 


Daylight and dark 


Your temperature records will soon lead 
the children to note the relationship be- 
tween temperature and light. The city 
park is a good locale for observation. In 
the same locations as used for other obser- 
vations, place stones or stakes to mark the 
borders of shadows cast by a tree, a build- 
ing, etc. To illustrate you might drive a 
shingle into the ground and mark its vary- 
ing shadow areas (Fig. 7-5). Do this at 
mid-morning, noon, and afternoon. Where 


Fig. 7-4 Simple air thermometer. 
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evening 


morning 
shadow, 


shadow 


NS 
SS 


area always 
in shadow 


Fig. 7-5 Shadows of the day. 


the shadows intersect is a permanently 
shaded area. Is there any difference in the 
plant or animal life in permanently shaded 
areas, partial shade, or permanent light? 
Watch the change of shadow patterns 
over a period of, say, a month. Compare 
with sunrise and sunset time as given in 
the daily paper. 

With the widespread popularity of pho- 
tography, there should be a good chance 
of locating a light meter among the 
parents or friends of your class. Because 
these are sensitive instruments, easily 
broken by careless handling or a sudden 
fall, it is advisable for the owner or the 
teacher to use the meter. The children can 
take the responsibility of recording the 
light readings at different Stations on the 
school grounds. Place a sheet of white 
paper on the selected spot, and aim the 
meter at it, about I’ from the Paper. The 
paper reflects the light actually reach- 
ing the surface of the spot. Take several 
readings, holding the meter at different 
angles, until you find a position which 
gives a median reading. Use this same 
position for other readings in other places. 
You also might compare readings of the 
same place for different times of the day. 


AIR PRESSURE AND CLIMATE 


Next to the thermometer, 


the most 
obvious instrument 


for a classroom 
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weather station is a barometer. A barom- 
eter shows changes in pressure. Cut out the 
top of a milk carton (Fig. 7-6). Warm Là 
box by placing it in hot water, and stretch 
a section of toy balloon over the top of the 
container securing it with rubber bands 
or tape. Glue a small cork to the top cente? 
of the stretched rubber. Glue a broom- 
straw to the top of the cork. As air pres- 
sure increases, the rubber is pushed down 
causing the cork and broomstraw indi- 
cator to move. When air pressure ud 
creases, the rubber sheet pushes the cork 
and straw upward. Make a scale on card- 
board by extending lines from a pro- 
tractor. Mount cardboard behind broom- 
straw tip. Check changes in daily position 
on the scale and barometer reports ove" 
radio or TV. Mark these in pencil on pit 
scale. A glass milk bottle makes a yn 
permanent container than the carton ü Él 
7-7). Each, however, is temporary p 
the rubber diaphragm is porous. ^ 
barometer should be kept in a location 
which varies as little as possible in tem 
perature. 


Evaporated milk can barometer 


An empty evaporated milk can used 
the aneroid unit provides a more perm sy 
nent barometer. You will also nes há 
wooden base about 3” x; 10", a 12" we 
strip about %” x Y" (available at a d 
airplane shop), a small cork, and J in 
Tinkertoy sticks. Wash the can, stan m^ 
hot water, and seal the holes at the 
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Fig. 7-6 Simple "aneroid'' baromete™ 


Fig. 7-7 Milk bottle barometer. 


With hot sealing wax or chewing gum. It 
is preferable to solder the holes shut (in 
the school shop or elsewhere). Place the 
can on the wooden base (Fig. 7-8). Cement 
à cork to the center of the can. To the right, 
mount a Tinkertoy stick in a '4" hole 
drilled in the wood base. Or use a Tinker- 
toy hub glued to the base with a stick in- 
sorted in the hub. Attach the balsa wood 
Strip to the Tinkertoy stick by means ofa 
common pin or extremely fine nail. The 
balsa wood strip should be free to move 
On the pin or nail. The strip then rests on 
‘op of the cork on the can. As air pressure 
creases, the can top and cork are 
depressed and the end of the balsa strip 
goes down. When the air pressure de- 
+ mae the can top rises, lifting the strip. 
pind the end of the strip place a card- 
saa scale. The children then calibrate 

€ position of the needle by marking the 
ae readings daily as received by 

10 or TV weather broadcasts. 


ivot 


Barograph 

A barograph which records the changes 
in the barometer for a 12-hour period can 
be built from the evaporated milk can 
barometer. You will need an old alarm 
clock in working condition and a card- 
board disk. The minute hand of the clock 
is carefully removed. Cement a manila 
disk to the hour hand shaft with the clock 
facing the pointer (Fig. 7-9). The disk is 
sooted by means of a candle. Care must 
be taken not to set the manila disk aflame. 
Set the pointer of the barograph to make 
a trace on the disk. 
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How dry—how wet 
Most children are aware only of ex- 
tremes in the amount of moisture in our 


ocean of air. On warm damp days a glass 
of ice water is soon coated with moisture 


Fi 


dix Milk can aneroid barom- 
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old alarm clock 


cardboard disk 
glued to hour hand 


sooted surface 


small evaporated milk can 
with holes packed 


Fig. 7-9 Simple barograph (recording barom- 
eter). 


condensed from the atmosphere (not 
through the glass!). On cool damp days 
children may come to school through fog. 
On cool dry days they enjoy stimulating 
contacts with static electricity! In general 
they are quite unaware that relative hu- 
midity plays any part in weather or in our 
daily ways of living. Note also “snow” on 
refrigerator coils and "frost? on a glass 
container of dry ice. Illustrating the im- 
portance of humidity, Forest Service look- 
outs in our national forests keep close tabs 
on the relative amount of moisture. At 
lookout stations every day they carefully 
weigh a standard-sized cube of kiln-dried 
wood after it has been exposed to air. On 
damp days it weighs more. When the 
air is dry, the wood dries out (loses mois- 
ture to the air) and weighs less. The dan- 


ger of forest fire increases during dry 
weather. 

Anyone who has ever tried to develop 
film knows how unmanageable film can 


be on dry days. This ch 
useful 


Thumb 
film inc 


aracteristic is a 
indicator of relative humidity. 
tack a strip of 35 mm, or other 
lined to curl when dry, to an old 
ruler or stake marked off in inches (Fig. 
7-10). Place several such film sticks in 
selected areas. In an hour or more, note 


how far the film has curled or uncurled in 
each location chosen. 
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With blue cobalt chloride paper ob- 
tained from the druggist, we can make 
simple tests of relative humidity on the 
school grounds. With clothespins, oe 
the paper in selected areas. Time p» 
number of seconds or minutes required for 
the paper to change from blue to am 
white or pink. Try this at different time 
of day and on different days. Try some 
under a rock or piece of bark or in the 
mouth of a culvert. (When not in use, i 
paper should be stored in a irap 
bottle in company with a drying agen 
such as calcium chloride or silica gel.) j 

Hair hygrometer. There are severa 
devices which children can make to meas- 
ure the amount of moisture in the alr 
around them. The simplest is a "— 
hair hygrometer. A long human hair - 
attached to a simple stand made from : 
Tinkertoy or erector set (Fig. 7-11). iet 
a steel nut or nail to the bottom of m 
strand as a weight. Place a cardboard ES 
hind the hair as a scale. Each day note k ^ 
relative position of the weight and mar 
on the scale. Try brunette, blond, or re 
hair (brunette is best). Freshly m 
hair is preferred because it has been fre 


strip of film 


Mir No No \W a Wh w/w) wi IuNu D 


isture 
Fig. 7-10 Photographic film used as a mois 
indicator. 


cardboard 


Fig. 7-11 Human hair hygrometer. (From A. 
Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961.) 


of oil particles which make it unable to 
absorb moisture. 
String hygrometer. Another simple 
Ygrometer is made from a ukelele gut 
String. This is set in a Tinkertoy or other 
Simple wooden stand with the gut tied 
Securely to the top bar (Fig. 7-12). Attach 
the bottom of the string to the base by 
Means of a rubber band. Insert a tooth- 
Pick through the gut as an indicator. As 
Moisture in the air varies, the gut will 
twist or untwist. A circular scale on a 3 X 
9 card is glued or tacked to the base. Each 
ay the children can note the position of 
* narrow end of the indicator (the 
toothpick) and mark it on the scale. They 
may also mark the per cent of humidity as 
indicated by TV or radio broadcasts. After 
E Month they will have a fairly good in- 
Tument. During the winter in steam- 
€ated classrooms the results show about 
5% relative humidity. Readings should 
ek made outdoors, as, for instance, on an 
Utside window sill. However; do not 
ave the instrument in the rain or snow. 


Wet- and dry-bulb hygrometer. Older 
pupils may make several other more ac- 
curate types of humidity indicators. For a 
wet- and dry-bulb'hygrometer, pupils need 
two identical inexpensive wall thermome- 
ters, a small board, a vial, and a small 
piece of gauze. The thermometers are 
mounted on a board. The bottom of one 
thermometer board is cut away and the 
bulb wrapped with gauze. The gauze dips 
into a vial or little bottle of water attached 
below the thermometer by tape and 
thumbtacks. The other thermometer is 
simply fastened with tacks on the other 
side of the board. In the center, place a 
copy of the humidity table (Table 7-1). 
After fanning the wet bulb until it reaches 
its lowest reading, read each thermometer 
temperature and note the difference be- 
tween the wet-bulb (with gauze) and the 
dry-bulb (open to the air) readings. To 
use the table, match up the wet- and dry- 
bulb temperatures. The figure in the 


«— gut string 


Fig. 7-12  Catgut string hygrometer. (From A. 
Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961.) 
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Table 7-1 


Relative humidity 
a 
temperature of dry bulb 


73 | 74 | 75 | 76 
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square where these intersect is the relative 


humidity. For example, suppose the dry- 
bulb thermometer reads 72° F, and the 


wet-bulb thermometer reads 63° F. T 
the relative humidity would be 6 
(circled in the table). 


104 WEATHER 


dry bulb 


wet bulb 


Fi ii 
'9-7-13 Sling psychrometer for accurate meas- 
urement of relative humidity. 


A portable version of this hygrometer is 
made by mounting both thermometers in- 
Side a cardboard box. Hang the box as you 
Would a picture frame; at the bottom 
"s a hole in the cardboard under one 
ipee IBN, jast big enough to squeeze 
Fill € neck ofa tiny perfume or pill bottle. 
m bottle with water. Dip in one end 
m € gauze or rag tied around the ther- 
ene bulb. Water travels up the cloth 

"P a wick by capillary attraction. It 
Senerally lowers the reading on the wet- 

n thermometer. 
Nei Psychrometer. A slightly more 
i device is simply a wet and dry 
mom, 9n a sling. Place two ordinary ther- 
aw eters on a narrow board, and attach 
flics gauze to one bulb. Attach the 
uw Ometers securely by means of wood 

Or S or several layers of strong tape. 
op I hole to carry strong cord near the 
a im the thermometers (Fig. 7-13). Pass 
hole m Cord tied in a loop through the 
heaq ave a pupil whirl the device over- 
the dj for 2 minutes (Fig. 7-14). Note 
reagi ente between wet- and dry-bulb 
tive age Use Table 7-1 to find the rela- 
air c, Umidity or per cent of moisture m the 
inge, Pared to the maximum amount of 
dans that air can hold at that temper- 
Bran, The higher the temperature, the 
Can oe the amount of moisture the air 

-an old. This is a concept usually fairly 


‘ficult to : j 
develop except with upper 
Brade children. . 


t 


Cloud in a milk bottle 


Children enjoy producing a cloud in a 
quart milk bottle. Get a cork or two-hole 
stopper to fit the bottle. If you use a cork, 
bore two 4” holes. Fit the cork or stopper 
with two short lengths of stiff plastic 
tubing or drinking straws. Attach a short 
length of flexible rubber or plastic tubing 
to one tube. From the druggist buy an 
atomizer replacement bulb and its short 
rubber tubing connection. Attach it to the 
second tube. Add a shallow layer of water 
to the bottle. Now you are ready to make 
the cloud. Since clouds start as tiny drop- 
lets of water that condense on dust 
particles, you need some fine dust. To 
secure this, hold a smoldering match in 
the open bottle and then cap the bottle. 
Next darken the room and shine a light 
beam from a flashlight or projector 
through the bottle. Close the short tube 
with a spring type clothespin. Squeeze the 
atomizer bulb several times to pump air 
into the bottle. Then suddenly remove 
the pinch clamp while squeezing the 
atomizer bulb. A cloud will form. If dry 


m 


[d 


= 
a ee 


Fig. 7-14 Demonstration of use of a sling psy- 
chrometer. (From A. Joseph et al., A Sourcebook 
for the Physical Sciences, Harcourt, Brace & World, 


1961.) 
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Fig. 7-15 Homemade rain gauge. 


ice is placed against the outside walls of 
the bottle, you will find rain or see a few 
tiny snow flakes inside. 


Precipitation patterns 


You are beginning to realize that mois- 
ture in the air depends upon several vari- 
ables. These variables determine the 
amount of rainfall. U.S. Weather Bureau 
Statistics show rainfall figures for most 
locations, and the daily newspaper usu- 
ally includes some data on local pre- 
cipitation. However, the children need to 
have the chance to gain a concrete con- 
cept of local rainfall patterns by keeping 
their own records of it. They need to see 
for themselves the seasonal pattern of 
rainfall which exists in certain sections 
and its relation to what people do and 
how they live. 

Rain gauge. An effective rain gauge 
can be constructed with a 2” diameter 
olive bottle anda 4” funnel (top diameter), 
the whole set being placed inside a gallon 
glass jar (Fig. 7-15). With equipment of 
these Proportions, 4" of water collected in 
the bottle means 1" of rain per square 
inch of surface. One inch in the olive 
bottle therefore means '4” of rainfall. Any 
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water overflowing into the larger jar must 
of course be poured into the smaller bottle 
and included in the measurements. Set 
the apparatus on the open grassy ae 
and wire it to a short stake. If the roof o 
the school building is accessible to stu- 
dents, the rain gauge is less likely to be 
disturbed and more likely to be accurate 
in this location. ‘ia 

Keep records over a period of mon: > 
both spring and fall. Note whether ral 
fell gently or in a downpour. 


WHO HAS SEEN THE WIND? 


As teachers know, children are often 
affected more by windy days than they vi 
by hot or cold weather. No claas 
weather station could be complete Men 
out a wind vane. To make one you E 
need an empty milk carton, a an f 
small board, and a nail. With a saw ma P 
slits in the ends of the stick. Fit pieces s 
milk carton into the slits. One piece is eu: 
to form a 3" triangle as the pau 
another is formed into a rectangular Pin 
to be the tail of the vane (Fig. eo 
Secure by driving fine tacks through vM 
stick and waxed carton. Drill a hole in i 
measured center of the stick. With a er i 
nail anchor the stick to the center of o» 
wooden base. On a breezy day take e 
vane outdoors and watch the point e 
turn into the wind. With the aid of ja 
compasses (directional), help children š 
that we name a wind by the direction " 
its source. Some may wish to substitu 


ing 
washers, buttons, Tinkertoy knob as bear 


Fig. 7-16 Wind direction vane. 


bottom of milk carton 


Tinkertoy hub 


Fig. 7-17 Simple anemometer (wind speed in- 
dicator). 


Pieces of aluminum pie plates for pointer 
and tail pieces. 


Wind speed or strength 


Cup anemometer. To measure the 
Speed of wind, a cup anemometer can be 
made from the bottoms of milk cartons. 

‘Ount with tacks on a pair of crossed 
Sticks (Fig, 7.17), The sticks are secured 
With strong plastic tape. A finishing nail 
through the center acts as pivot and, if 
oiled, should permit free movement. The 
nail Passes through a Tinkertoy hub used 
Fw bearing into the top ofa short length 

Wood. The faster the wind , the higher 

€ Speed of rotation of the cups in a circle. 

Ball-bearing wind vane. A more so- 
Phisticated weather vane can be made by 


Fig. 7. 


19 
(From Soup ladle anemometer. 


for th A. Joseph et al., A Sourcebook 
Bra, € Physical Sciences, Harcourt, 
Se & World, 1961.) 


Fig. 7-18 Improved wind direction indicator. 
(From A. Joseph et al., A Sourcebook for the Phys- 
ical Sciences, Harcourt, Brace & World, 1961.) 


using a roller skate wheel as a ball bear- 
ing. The wind vane stick is bolted to the 
center of the wheel and kept clear of the 
wheel by several washers (Fig. 7-18). The 
wheel sits on a small board and is secured 
by four bent nails or by four long screws 
and washers set against the rim. A hole in 
the center of the board allows clearance for 
the bolt on the wheel. Aluminum is used 
for the pointer and tail. For good results, 
make the tail about twice the size of the 
pointer. Mount on a pole on the school 
grounds at a distance from the classroom 
windows. Metal letters may be used to 
indicate north, south, east, and west. 
Soup-dipper anemometer on roller skate 


wheel. A close approximation of a com- 
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aluminum 
strip strikes 
screw once 
each rotation 


15v bulb 
lights once 
each rotation 


dry 
cell 


Switch closed only when 
reading being taken 


Fig. 7-20  Remote-reading wind speed indicator. 


mercial model may be made of three 
cheap aluminum soup ladles. Mount 120? 
apart on a small wood disk (Fig. 7-19). 
Fasten by means of thin wire passed 
through small holes or by means of strong 
Staples. Also attach to the disk a curved 
glass tube containing a small metal ball 
and sealed at both ends with corks or 
tape. The height of the ball in the tube 
indicates the wind speed. In the center of 
the disk drill a 14” hole to carry a !4" bolt. 
Raise the disk an inch or so from the wheel 
proper by a stack of washers on the bolt 
(or use Tinkertoy hubs). Then attach the 
bolt to the center of the skate wheel. At- 
tach the wheel, in turn, to a larger wood 
base with screws and washers. Notice 
that there must be a hole in the wood base 
so that the bolt on the skate wheel Clears. 
If you wish, varnish, shellac, or wax the 
wooden parts. The device is now ready for 
use. Some advanced pupils may want to 
make it flash its speed electrically (Fig. 
7-20). For this activity attach a strip of 
copper or aluminum to the disk. Use a 
small nut and bolt to hold the strip in 
place through a small hole drilled near 
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the edge of the disk. A small bare copper 
wire runs from the strip to the large 
center bolt. On the baseboard attach a 
copper wire to one screw that holds the 
skate wheel in place. Now insert a small 
brass screw into the base so that 
the rotating strip on the disk strikes the 
screw as the anemometer rotates. Connect 
another wire to the brass screw. Now con- 
nect the wire from the skate wheel to one 
terminal of a dry cell battery. Then con- 
nect the other terminal to a miniature 
socket and 1¥%-volt flashlight bulb. Con- 
nect the other side of the socket to the 
wire on the small brass screw. The 
stronger the wind, the faster the light 
flickers. The anemometer can be mounted 
at a short distance from the classroom by 
extending the two wires from the ane- 
mometer. The lamp and battery remain 
in the room. On a windless day the device 
can be calibrated by holding it out the 
window of a moving vehicle. Count ko 
number of flashes per minute at car spec? 


Soup lodle 


RE 


m 


tope around 
twisted wire 


boc 


acts 
Fig. 7-21 Egg-beater anemometer proi? 


of 5, 10, 15,20, 25, and 30 mph. Thus you 
Will have a means of reading the wind 
Speed by counting the number of flashes 
per minute. A small reference card can be 
tacked up next to the bulb, together with 
à clock with a sweep second hand. Turn 
off the device by loosening or removing 

the bulb. 
Egg-beater anemometer. Another 
Pcie for reading wind speed involves 
ai use of an ordinary egg beater. Make a 
Ara a hg on two crossed sticks as 
t P'amed earlier in this chapter. This 
ea is best mounted at the side of the 
chool building, if permission is obtained. 
erhaps the school custodian can help you 
bane A stick is securely fastened to the 
thes Ing so that it extends over the edge of 
the ae Make a %” hole in the stick near 
hie anging end. A long #14 gauge 
is o Wire passes through the hole and 
21 ened to the anemometer center (Fig. 
ub Notice that several oiled metal 
Stick m hold the anemometer above the 
your Phe wire extends straight down to 
ing s d d sill. Here another overhang- 
*gg b CK 1s fastened. To the stick attach an 
the a in an inverted position. Remove 
Peels and retain only the gears and 
andl shafts as in Fig. 7-21. The eggbeater 
clam € is securely fastened to the stick with 
the m or electricians’ metal straps. Attach 
Parts e from the roof to one of the center 
Sear pa the beater attached to the small 
the fie he best way is to twist the wire and 
Plastic " together and cover with strong 
eel ape. Next cover the large gear 
Cord with white cardboard attached by 
or thin wire to the gear wheel. Mark 


Fig. 7. 
Speed 
Cator, 


23 Combination wind 
IR. Wind direction indi- 
rom A. Joseph et al 
> ph etal., 
Urcebook for the Physical 


Ciences 
; Ha 
orld, ie n Brace & 
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Fig. 7-22 Wind stick for detecting wind currents. 


a black pointer at one spot as in the figure. 
When the wind blows, the anemometer 
will turn. This spins one small egg-beater 
gear, which in turn spins the large egg- 
beater wheel. The large wheel will turn 
more slowly than the small gear because 
it has many more teeth. Thus if the small 
gear has ten teeth and the larger gear has 
fifty teeth, the larger gear will turn at one 
fifth the speed of the smaller gear. This 
reduction in speed makes it easier to 
observe high wind speed. 


Wind is really moving air 

Most children have experienced the 
cooling effect of evaporation, i.e., air- 
drying of wet skin after a swim. Some 
may have seen the pruning effect of wind 
on trees at timberline or at the seashore. 
To study wind currents in the school 
yard, make a wind stick (Fig. 7-22) by 
tying two lengths of white grocery cord to 
the end of a slim stake. Weight one cord 
with a metal ring. The angle formed be- 
tween the two strings as the wind blows 
across them provides a rough basis of com- 
paring the force of moving air at various 
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times and places. The string must be 
lightweight. Such an angle may be better 
shown by holding a calibrated card be- 
hind the strings. Use a compass to record 
wind direction as weil as force when mak- 
ing readings with a wind stick. 

Or you can make a simple wind gauge 
by hanging a heavy cardboard sheet on 
loose-leaf rings (Fig. 7-23). Calibrate by 
holding out the window of a moving auto- 
mobile on a windless day. Work out the 
position of the card for 5, 10, 15,20, 25. 
30, and 40 mph. 


Evaporation experiments 


To demonstrate that continual winds 
dry out the land, fill two flowerpots with 
soil immediately after a rain. Fill so that 


CAPSULE LESSONS 


7-1 Encourage children with ability in 
numbers to report with audiovisual aids on the 
arithmetic involved in weather, as, for example, 
with regard to a rain gauge, the relative area of 
funnel compared to collecting can. 

7-2 Some children may wish to make a spe- 
cial exhibit or collection of weather in the news. 
In addition to daily records, they might include 
information about weather radar, weather satel- 
lites, Coast Guard weather ships, Navy hurri- 
cane patrol, weather reports for comm 
ing, samples of U.S, Weather Burea 
reports, and facsimile weather map t 


ercial fly- 


u teletype 
ransmittal, 
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both weigh the same. Place one in a pro- 
tected spot, say in the teacher’s closet, the 
other directly in front of a small electric 
fan. Reweigh both at the end of the day. 
To give children some inkling of the 
extent of evaporation going on all the n 
around them one can make good use 0 
wet paper towels. Wet several towels w 
oughly, and squeeze them out so they i 
not drip. Hang in selected areas san 
and note order in which towels dry out. i 
order to make valid comparisons, 4 
towels should be hung out at the i 
time. Or place saucers or paint dish E 
filled with equal amounts of water in y 
lected spots inside the classroom. Wi h 
wax crayola mark the water level in eac 
container every day at the same time. 


7-3 Children who have made a simple 5 
thermometer may be challenged to use it to C à 
brate another made after the manner of the 50 
straw barometer, e 

7-4 Study and report on wind belts x 
earth as compared to upper air (stratosphere " 

7-5 Illustrate relative humidity by p is 
tivity. Soak a large sponge in water unt! eez? 
completely or 100 per cent saturated. y i 
out the water and divide into two equal P wi 
Pour one part over the sponge, which posi 
be 50 per cent saturated. Repeat for di 
humidity values, 
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The earth's surface 


One morning during social studies class 
à fourth grade teacher was asking the 
children to name the major geographic 
features of their state. One child men- 
tioned the ocean, another the desert, but 
none mentioned the mountains. All the 
While a nearby mountain range lay shim- 
LE in the sun in plain view of the 
h Ssroom windows. Not many schools 
ave a view of mountains, but there are 
gp ae that are not near one or more 
valle e other major land forms—hills, 
bot ^ Or plains. Some are near wind- 
ut sand dunes; others are near river- 
= bars, deltas, or flood plains. A great 
an i Schools are near water, whether salt 
Sed and hence near some of the water 
arro land forms, such as canyons, 
Pow draws, washes, caves, and cliffs. 
asa a often the study of. geography 
abstra ow it affects people is only an 
way ea Home geography, and the 
town as determined the location of the 
ignored of business or homes, is sometimes 
examp] for a study of distant lands. For 
loaie © our school might have been 
on a hill, for the sake of drainage. 
eie topography may have deter- 
Pani size and shape of the school 
height s. Next time we make a tour of the 
af Gi; — or talk about the location 
Sort of ae we might notice upon what 
ocal and surface they are built. Has 
Sre d En aphy affected the layout of 
D our city or town? Is there a near- 


by road cut where we may see exposed 
the tilted layers of bedrock which have 
given us our hills? These layers must at 
one time have been horizontal, since they 
were deposited as sediments by the water 
which covered our area. To see how far 
above horizontal the rocks have been 
warped, hold a jump rope or clothesline 
level against the rock (Fig. 8-1). To make 
sure the line is level, use a “pop” bottle half 
full of water, as some farmers do in laying 
out level contour lines. Other examples of 
local rock structure may help us see our 
modern landscape as the result of many 
stages in the endless cycle of erosion, dep- 


Tilting or bending of rock layers in con- 


Fig. 8-1 
trast to a horizontal line. Use a level made from a 
bottle, as shown, to determine the horizontal line. 


THE EARTH'S SURFACE Wi 


Fig. 8-3 Typical formations due to folding and 
faulting of rock strata: (a) fault shown below a 
road cut, part of the San Andreas fault, Los An- 


geles County, Calif.; the lighter-textured rocks (on 
right), part of an alluvium deposit, have faulted 
down against the granite rock (on left); (b) the 
Devil's Kitchen syncline, in San Emigdio Canyon, 
Kern County, Calif.; (c) an anticline, showing the 
Bloomsburg Arch, part of the Hancock Quadrangle, 
Md. (U.S. Geological Survey.) 
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(water deposited or sometimes wind "e 
posited), and metamorphic, that is, change 
by heat and pressure. Some common a“ 
amples of igneous rock are granite, basalt, 
diorite, pegmatite (coarse granite). Sand- 
stone, limestone, shale, and conglomerate 
are the best-known types of sedimentaries. 
The metamorphics are widely illustrated 
by gneiss (pronounced *nice") iud 
morphosed granite), quartzite (metamor 
phosed sandstone), marble — 
phosed limestone), slate or mica schis 
(metamorphosed shale). 


Igneous rock 


Scientists believe that the oldest rocks 
are igneous. The rocks in the bottom o 
the Grand Canyon were once ong à 
They were probably formed when t " 
earth cooled billions of years ago. ets 
common igneous rocks are granite, basa e 
pumice, lava, and obsidian. The last thre’ 
are usually associated with volcanic nal 
tion and become molten fairly near t 
surface inside volcanoes. Sometimes e 
are erupted and flow over the surface- 

a molten mass may squeeze up senate 
weak places in the bedrock and spread 9 It 
between the layers as a dike. The s 
Palisades along the Hudson River Rcs 
once a molten volcanic mass which i 
Squeezed up and between layers ai 5 
Jersey sandstone to form the straight c? 
we see today. 

A partly iod tube of tooth paste pi 
be squeezed from one end of the pn 
the other to illustrate how molten vi nti 
moves. Roll the tube up as tightly "e 
sible; then puncture near the top pnt 
pin. The contents squirting out act M ol- 
as molten rock would erupt through a = o 
cano. Igneous rock, particularly T 
volcanic origin, is usually character! ac 
by great weight or density and La ie 
crystalline structure. Pumice and ipt? 
the exceptions, having been extruded le 
much attendant hot gas and then coo 


Fig. 8- XT 

el b child-proof" volcano, which can be 

| "hi vigi over while the children are develop- 

ance, Rema PR about air pressure and resist- 

oko ibo s e the funnel from the molded cone be- 
asbestos paste hardens completely. 


relati i 
ner suck. Obsidian, the hand- 
tender ee volcanic glass, was valuable 
Used it te rading among the Indians, who 
Slass-like make arrowheads because of its 
sidian Se nip fracture planes. Ob- 
Position p. e same basic chemical com- 
dioxide a glass, silicon 
rock i m children to see what kind of 
and in heri commonly used in buildings 
lt will be construction. The chances are 
es oe which is composed of 
Mang e eiie quartz, the glass-like 
Blass. dn crystals which can scratch 
Crystals. 4, the black or white shiny flaky 
Which n feldspar, pinkish crystals 
cades of € flat, rectangular faces like the 
modern skyscrapers. 


Sedi 
dimentary rock: 


To 

Son how sediments are laid down, 
Srave| s Cupful each of such materials as 
Soi], he garden loam, and local sub- 
alos, y fill a jar with water. Dump in 
"hor Pe of each sample. Shake the jar 
Next E ly; allow the soil to settle. By 
Pater? pes should see that the heaviest 
Sand next as settled to the bottom, the 
Pessive Jay, and the finer particles in suc- 

ayers (Fig. 8-5). Construction en- 


heavier 
Tighter 


Fig. 8-5 How sediments are laid down. If the jar 
is covered and not too heavy, it may be used 
repeatedly to illustrate the principle of sedimenta- 


tion. 


gineers treat soil samples in much the 
same way in order to determine the com- 
position of the soil across which they must 
build roads, bridges, and buildings. 

To make samples of sedimentary rock, 
collect discarded milk cartons and small 
amounts of cement, lime plaster, and sand 
(Fig. 8-6). Cement and water produce a 
kind of shale. Lime plaster and water 
make a limestone which can be tested 
with vinegar to see if it bubbles. A syn- 
thetic sandstone results from a sand, ce- 
ment, and water mixture. The cartons 
can be peeled off when each mixture 
hardens. In nature, however, the harden- 
ing of sediments into rock takes hundreds 
of centuries. 

Try also adding colored chalk. Pulver- 
ize the chalk and fragments of flower pots 
by hammering inside a square of rag 


Fig.8-6 Synthetic sedimentary rock layers. 


ROCKS AND MINERALS 115 


Fig. 8-7 Crystal formation. Most crystals in 
rocks are only partially visible. Not free to form 
in solution as on the nail shown here, the crystals 
are half hidden within the rock matrix. 


pulled together to make a sack. Make a 
fossil-bearing layer by adding bits of 
shell from the fish market or the beach. 
Raccoons will often pile up mussel shells 
for you along fresh-water creeks. Make 
different kinds of layers, e.g., pebbles or 
shells and cement to form a conglomerate. 
A large milk carton on its side with one 
side cut off makes an excellent form in 
which to harden a series of different layers 
of earth materials. 

Sidewalks may be regarded as a kind 
of artificial conglomerate or pudding 
stone. Look for slabs which include water- 
worn or rounded pebbles. Those which in- 
clude angular fragments simulate a kind 
of conglomerate called breccia (Italian, 
meaning “broken”). In older cities one 
may find slate sidewalks. Slate is metamor- 
phosed shale. Fossils are nearly always 
found in what was originally sedimentary 
rock. However, the fossils to be seen in the 
black Tennessee marble of a famous sky- 
Scraper are of greater interest to some 
passers-by than other better-known as- 
pects of the building. 

There are some easy tests for sedimen- 
tary rocks. For example, shale has an 
earthy or oily smell. Sandstone has tiny 
grains of quartz which are hard enough to 
make glass. Limestone will bubble under 
vinegar. (The bubbling will proceed faster 
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if one concentrates household vinegar by 
heating it or allowing the water in it to 
evaporate for several days.) Try dissolving 
sea shells in concentrated vinegar or dilute 
hydrochloric acid. (HCl is usually avail- 
able at the drugstore; it should never be 
handled by children. It should be corked 
with a rubber stopper, since it will eat 
away wood corks.) 

If sedimentary rocks are pulverized 
with a hammer, the crystals can be seen 
under magnification. (For safety you can 
put the rocks in a sack before striking 
them.) It will be noted that each kind of 
rock has a distinct crystalline form. Re- 
view crystal making (Chapter 12) by sus- 
pending a string and nail in a saturated 
solution of sugar, salt, alum, borax, or 
Epsom salts (Fig. 8-7). 


Metamorphic rock 


Some of our very common rocks were 
so changed by intense heat, pressure, and 
chemical action deep within the earth 
that they are quite different from their 
original sedimentary or igneous charac- 
ter. For example, granite may have been 
subjected to such pressure that all the 
dark mica crystals in it become aligned 
and the resultant banded gneiss looks al- 
most sedimentary. On closer inspection 
gneiss will be seen to have a much harder, 
crystalline structure than the typical sedi- 
mentary rock, 

Another common rock, especially 
through parts of New England, is mica 
schist metamorphosed from a soft shale 
which contained many flakes of white 
(sometimes black) mica. Marble, a hard 
rock used in architecture, is metamor- 
phosed limestone, originally a soft sedi- 
mentary rock. 


Rock collecting 


Most children like to collect rocks but 
need guidance, or they tend to make a 
meaningless, indistinguishable (at least to 


anyone else) collection of stones and peb- 
bles. Stiff papier-maché egg boxes or plas- 
tic egg containers are excellent for smaller 
rocks as for small shells. The name or at 
least the place of collection can be written 
inside the cover. 

Children need to be encouraged to col- 
lect larger and more distinguishable rock 
Specimens. For these, use an empty cigar 
box with cardboard separators as for eggs. 
A fourth grade teacher motivated an in- 
tense interest in the geography of the state 
by connecting a state road map with col- 
ored ribbon to a few rocks and minerals 
she had collected as a hobby. The chil- 
dren and their parents eventually added 
to the collection in the classroom. 


Rocks vs. minerals 


Many people are confused as to the dif- 
ference between rocks and minerals. We 
have seen that granite rock, for example, 
1s made up of three components: quartz, 
feldspar, and mica, each of which is a 
mineral. In the same way, the rock mica 
schist is made up of mica crystals, occa- 
sional tiny garnets, etc. Minerals are com- 
bined in many different combinations and 
Proportions to produce different rocks. By 
analogy a cook uses salt, sugar, flour, and 
Shortening to produce a delectable variety 
of breads and pastries to please us. 

_ Minerals and mining. A study of the 
history and geography of our country 
Often leads children to wonder about min- 
ing days and ways. Since minerals often 
occurred as crystals, it may be helpful to 
review what the children observed about 
the growth of crystals in saturated solu- 
tions (p. 116). 

Hydraulic mining depends on gravity 
and the relative greater weight and den- 
sity ofmost valuable minerals as compared 
to the ore. Illustrate this by mixing a small 
quantity of sand, clay, old bricks, bits of 
Metal such as tacks, nails, bits of wire, 
Solder, lead sinkers in a jar partly full of 


jar 


water. As you shake the jar, the heavier 
materials separate out to the bottom of the 


“White gold." , A simple experiment 
may illustrate why oil is not found every- 
where. With a hammer and a cloth sack, 
pulverize different rock materials to pro- 
vide two small piles each of gravel, sand, 
pebbles, clay, shale, shells, and so forth. 
Apply a drop of oil to each pile. Which 
one soaks up and holds the oil? Which 
kind of rock layer would be most apt to 
bear oil? 


SPRINGS, WELLS, AND ROCK LAYERS 


In country where water comes from 
wells, there is a whole body of interesting 
science as well as folklore related to the 
problem of locating and bringing up 
water. A simple illustration of one aspect 
requires a large container, gravel, and a 
tin can with top and bottom removed. 
Cover the bottom of the container with 3 
—4" of gravel; countersink the tin can in 
the gravel until it touches the bottom of 
the container. Remove the gravel from 
inside the can. Add water to the gravel 
outside the can. As the water rises 
through this gravel, it will rise to the same 
height inside the can or “well.” 


A kitchen geyser 

If you remove the glass top from a per- 
colator, water will boil up through the 
central tube much as it does in the geysers 
of Yellowstone and other hot springs. As a 
safety measure, keep the heat low while 
observing the spurts of boiling water com- 
ing up from below. 


Artesian wells 


Where artesian wells are used, children 
often do not understand why they flow 
without pumping. A working model can 
be set up inside an aquarium tank (Fig. 
8-8). Construct a hill out of modeling clay 
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Fig. 8-8 Why do we find springs and 
wells in some places and not in others? The 
answer relates to the aquifers or permeable 
rock and/or soil layers through which water 
moves underground. The tubing inserted 
horizontally explains the location of a hill- 
side spring. Let children experiment also, 
creating and draining a swamp in the lower 
end of the container. Try also a kettle-hole 
lake, illustrating its glacial origin. (From A. 
Joseph et al., A Sourcebook for the Physical 
Sciences, Harcourt, Brace & World, 1961.) 


or papier-maché. Add pebbles in a porous 
layer to represent porous rock. Add a 
third layer of colored modeling clay. Note 
that the top layer is open near the top of 
the “hill.” The hill represents a mountain- 
side with three layers of rock. The top 
layer must make a watertight seal against 
the glass walls of the tank on all sides ex- 
cept at the peak of the hill. Test by pour- 
ing water on it. None should leak below 
the clay layer. Then pour or siphon out 
the water. Paraffin may be used in lieu 
of modeling clay. 

Drill the well at the base of the “hill” 
by pushing a ^" rod or dowel through the 
top layer of clay. Into this hole, set an in- 
verted medicine dropper tube; seal the 
clay around the tube at the point where it 
leaves the top of the clay. 

Test the well by pouring water into the 
Porous layer at the top. In mountains 
where layers of rock are upturned and 
open on the surface or under the soil, the 
rainwater and melting snow find their 
way into layers of permeable, or porous, 
rocks located between nonporous (imper- 
meable) rocks (the clay layers in the 
model). When the porous layer fills with 
water, the water will Spurt out of the 
medicine dropper if enough water is 
added. Some artesian wells must be 
pumped because the water pressure is too 


low for the water to be forced up out of 
the pipe. 
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Kettle-hole lakes 

In country once glaciated one often 
finds and enjoys small, round deep lakes 
which formed where a huge chunk of ice 
broke off the glacier and was imbedded in 
soil and gravel carried by the glacier. 
When the ice chunk melted, the resulting 
depression became a lake. Imbed a chunk 
of ice in sand or sawdust. Note the depres- 
sion it leaves when it has melted. 


LAND, WATER, AND EROSION 


Young children, left to themselves out- 
doors, will often explore and find more of 
interest in a limited area than will the 
average adult. For instance, a child may 
find a hole where an earthworm came up 
for air. He may spy a snail or other lowly 
creature and learn more about it by 
watching and poking than can be found in 
the average elementary school library. 
During or after a rain, our hero, blissfully 
unconscious of soggy shoes, becomes a hy- 
draulic engineer as he wades the running 
gutters on his way home from school. 
Studying the water he decides to build a 
dam of debris and mud. And when the 
dam breaks, he views the resulting flood 
plain with interest and wonder. Such a 
child has an intuitive knowledge of what 
water can do to soil. We need only to give 
this knowledge and observation breadth 
and depth to make it truly functional for 
the rest of his life. 


The child is often a better scientist than 
adults realize. He has intense, wide-rang- 
ing curiosity in the world around him. He 
practices the experimental method of 
finding out answers to questions. Above 
all, he observes long and closely. Here, 
perhaps, he has an advantage in being 
closer in stature than adults to the world 
underfoot. 

Whether our school grounds include 
1 acre or 18, whether we teach in a rural 
or urban school, there are a surprising 
number of learning experiences available 
to children along the school sidewalk and 
around the grounds. If we walk down the 
sidewalk, we may see a tiny mound of 
soil at the joint or crack between two sec- 
tions of the walk. No doubt this has been 
brought up grain by grain from the sub- 
soil underneath the walk by persistent 
worker ants. Is it the same color and tex- 
ture as the soil at the surface? Does it 
Contain any grains of quartz, mica, or 
feldspar eroded from the bedrock core in 
nearby hills or mountains? 

After a rain we may find earthworm 
burrows in the grass next to the walk. 
Often there is a lumpy ring of earthworm 
Castings around the holes. These are the 
residue of soil and other substances fed on 
by the earthworm who pulverized the soil 
which passed through its remarkable giz- 
zard. If you find some piles of castings 
after a rain, break a clump in your fingers. 
You will find that the soil is not at all 
Sticky. Quite the contrary, it is soft and 
easily crumbled. If you moisten some and 
It feels gritty, the chances are the soil is 
Predominantly sandy. If it feels smooth, 
the soil is largely silt. Clay particles feel 
harsh when dry, sticky when wet. Earth- 
worm castings can tell you a good deal 
about your soil. 


Sheet erosion 


If the ground along the sidewalk is not 


completely level with the walk, look for 
signs of sheet erosion or even miniature 
gullying. Sheet erosion is more insidious 
because it removes topsoil so gradually 
that the loss is not usually observed and 
checked before gullying begins. Many 
farm pastures begin to look bare and 
rocky where overgrazing has exposed the 
soil to sheet erosion. The fine topsoil is 
carried to the foot of the slope, the pasture 
produces less and less feed, and gullying 
ultimately starts in the steepest spots. 
Moving a fence in most areas is such hard 
work that some farmers are understand- 
ably guilty of fostering erosion. 

Along the school sidewalk or curbing or 
short cut worn across a corner, look for 
fine soil washed out into the grass. Are the 
particles the same size throughout? Or is 
the sifting action ofthe water apparent as 
the slowing current dropped heavier par- 
ticles but carried the finer ones further 
along? 

Any water running over bare sloping 
soil is apt to carry off finer soil, leaving 
coarser, less fertile ground. In such places 
look for larger stones or pebbles atop little 
pillars of finer soil held in place by the 
stones. In these structures we have tiny 
replicas of the great sandstone buttes one 
sees in parts of the West. 

Simulate pedestal erosion by using con- 
tainers such as the pie tins with perforated 


bottle cap 


Fig. 8-9 Pedestal erosion. Using different soil 
mixtures, the children will see that some soil types 
are more erosion-prone than others. This conclusion 
could lead to further experiments to determine soil 
structure and composition. 
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bottoms used in splash erosion studies (p. 
122). Fill level with firmly packed soil. 
Imbed bottle caps or pebbles in the sur- 
face. Sprinkle with water and note soil 
pedestals left under the caps and pebbles 
(Fig. 8-9). 

Look for signs of sheet erosion around 
the roots of trees. Can you see any indica- 
tion that the present soil level is lower 
than when the tree roots started grow- 
ing? 

Gullying 


In one instance tons of sand were 
washed down into what was an attractive 
foothill stream valley. The huge gully 
started from a cow path down a sidehill 
pasture. The chances are the pasture had 
been overgrazed. There are usually many 
signs of gullying in the raw land around 
new school buildings and grounds until 
planting and seeding take hold. Find the 
largest gully, locate its head, and drive a 
stake parallel to the exact starting point. 
You will want to go back after a rainstorm 
to see if the gully has eaten further. Along 
the main channel of the gully do you find 
rocks and pebbles? From where do you 
think they came? Does the channel run a 
straight or crooked course? Are there any 
smaller gullies branching from the one 
you are studying? Look for miniature cliffs 
and caves in the side walls. Perhaps where 
water swirled around a rock or other ob- 
struction you will find an islet held in 
place by tough grass. There may still be a 
pool of water in a low place along the 
channel. Look for debris along the bank. 
Where has it lodged and why? Side ef- 
fects? Kind of debris? Follow the gully to 
its mouth where you may find a miniature 
delta or flood plain. Mark the widest part 
of the gully with stakes on each side. After 
a rain, check these and the stake at the 
head of the gully to see if the gully has 
lengthened or widened. What became of 
the soil which originally filled the gully? 
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Try to estimate the amount of soil re- 
moved. 

Take back to the classroom some soil 
from the gully channel and from the sides 
and top. Which kind produces the best 
bean plants from seeds? 

Gutters near the school should also be 
watched for evidences of erosion. During 
or right after a rain, collect water running 
in the gutters and set aside to settle in 
glass or plastic containers. Try to get sam- 
ples from different gutters. Compare for 
possible differences in amount and kind 
of sediment in solution. If there is soil in 
the gutter after a rain, are the particles 
uniform or sorted by water? Do you think 
any larger flotsam is being further frag- 
mented as it is washed along? Is there any 
relation between the amount of sediment 
and debris and the amount or intensity of 
rainfall? If the children have set up a rain 
gauge (Chapter 7), they may begin to see 
relationships. 

A child who enjoys taking pictures 
might be interested in photographing 
local stream bank erosion or other evi- 
dence of gullying. The children might 
have a rich experience developing a pic- 
ture story about their stream. 

To illustrate the relationship between 
slope and erosion, cut one end from each 
of several shoeboxes (Fig. 8-10). Line with 
aluminum foil so as to form a spout at the 
open end. Add some soil. Raise the closed 
end of the box an inch. Sprinkle with 4 
measured amount of water. Measure run- 
off and sediment. Raise the end of another 
box 3” and repeat. A 20" square seed flat 
raised an inch on one side provides a 5% 
slope (1" divided by 20” x 100% = 5%): 
Raising the side to other heights provides 
good problems in percentage (Fig. 8-! 1). 

To find the per cent of slope around the 
school, obtain a yardstick, a straight 50 
stick, and a small carpenter’s level. Hol 
yardstick vertical, 50” stick horizontal anr 
til the bubble shows the level is even (Fig 


aluminum foil formed 
to make a spout 


Fig. 8-10 Box for illustrating relationship be- 
tween slope and erosion. Introduce such variables 
Gs a sod cover for one box, and sticks, bark, and 
Pebble surface debris; for another, harder, heavier 
“rainfall' and such soil components as sand, clay, 
and leaf mold. 


8-11). The number of inches on the yard- 
Stick (the *rise") divided by the horizontal 
distance (50") x 100 gives the per cent of 
slope. Older children will see that the 
“rise” x 2 gives the same total. 

_ Build a pile of soil near a hose bib out- 
Side the school. Or pile sand into a large 
shallow carton just outdoors. The sand 
Should be several inches deep. The chil- 
dren may wish to make a model of the 
Stream or gully they have been studying. 
Their exhibit might include, for example, 
a bank cut by water, exposed tree roots, 
à sand bar, silt deposits, waterworn peb- 
bles. The children will think of others. 

To show how swift running water forms 
à canyon, allow water to pour rapidly 
Onto the pile of soil. A deep river bed 
will form. As the water flows the length 
of the table, it will slow down and de- 
Posit a delta of the silt it has cut away. 
If the water flows in slowly onto a gentle 
Slope, it will act as an old river and form 
Meanders or sinuous curves. If more 
water is added, the shallow river bed 
Will flood. Old rivers usually have flood 
Plains. The water will tend to cut new 
Channels if the speed of flow is increased. 


Try making a “mountain” of sand. Notice 
the flood plain formed at the base as the 
fine sprinkling of “rain” wears it away. 
The wet soil can be dumped out to dry 
and later raked into the ground. 

To construct land forms such as a hill, 
spread plaster of Paris over a mound of 
crumpled newspaper. When dry, cover 
with a thin layer of soil. Sprinkle and 
watch the water seek lower levels, carry- 
ing soil along. Again watch for the sorting 
action of water. Water running fast 
enough to roll a 1-pound rock will, if 
running twice as fast, move a 64-pound 
boulder. 


Soil cover and erosion 


Plants may become agents of erosion 
(pp. 122-23). Primarily they are our most 
important ally in making the “running 
water walk.” Secure hosiery or stationery 
boxes. Remove covers, and nest bottoms 
inside for greater strength. Fill with soil. 
Set outdoors (or in large wash basin), one 
end propped up so the soil surface is at a 
slant. Into the soil of one box stick leaves 
and twigs. Leave the other bare. Sprinkle 
with the same quantity of water and com- 
pare runoff for quantity and clearness. 

Or line two shoeboxes with aluminum 
foil. Cut out one end of each box and 
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15" Paper 


Fig. 8-12 Splashing, which may cause erosion, 
can be observed on wheels and mudguards of bi- 
cycles and automobiles. You can feel it where you 
can't see it. 


form a spout with the help of a protrud- 
ing piece of foil lining (Fig. 8-11). Add 
soil with leaves and twigs to one box, 
bare soil to the other. Using a sprinkler- 
head watering can or a clothes sprinkler, 
apply equal amounts of “rain.” Compare 
runoff. For a touch of realism, plant an 
“elfin forest” of trees and shrub seedlings 
in one box. In the other simulate a 
burned forest with charred sticks and ash. 
Compare results after “rain.” 

The reason for contouring sloping crop 
lands can be shown with a washboard. 
Note the time required for a measured 
amount of water to run from top to bot- 
tom when the corrugations are horizontal. 
Does the water run much faster when the 
corrugations are vertical, that is, with the 
washboard on its side? Try to hold the 
washboard at the same slant for both tests. 


Splash erosion 


You may wish to extend these observa- 
tions by some outdoor studies of splash 
erosion. Right after a rain look along the 
base of the school buildings where rain 
may have splashed mud against the walls. 
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Feel along the clapboards of wooden 
bungalows or frame buildings for soil 
splashed up during a rain. Make splash 
sticks (Fig. 8-12) and drive into the ground 
in such selected areas as the lawn, under 
deciduous or evergreen trees, under the 
eaves of buildings, in the school garden, 
on the ball diamond, under shrubs. Simu- 
late rain by using a watering can at the 
same height and distance from each stake. 
Verify by checking for splash marks just 
after a rain. 

Try also a pie tin study of splash ero- 
sion. Punch holes in the bottoms of several 
old tins or aluminum foil pie plates. Cover 
the bottoms with paper toweling. Then 
fill almost to the top with fine, dry soil. 
Just before a rain set out in the same areas 
you chose for the splash sticks. Compare 
the effect of a watering can with that of 
rain. 


Wind, plants, and animals as 
agents of erosion 


The earth’s surface is worn down not 
only by rain and running water, but by 
wind, plants, and animals. Sandpaper dif- 
ferent kinds of rock to gain a concept Oo 
wind erosion. Lead children to the gen- 


eralization that it is not moving air itself 


that does the wearing but rather what the 
moving air carries in the way of dust and 
grit. The same is true of moving water. 
Some children may have watched ey 
buildings being cleaned by sand blasting: 
Others may have seen the family automo- 
bile so pitted by desert sand storms as to 
require a new paint job. A few may have 
scen the grotesque desert rock formations 
believed to have been carved by the abra- 
sive force of wind-driven sand. Fill uro 
Shallow boxes with soil; cover one with 


grassy sod. Place both outdoors in front of 


an electric fan (with help of extension 
cord). Note how wind moves soil from 
the bare box. 


s " ich 
Inconspicuous lichen and moss, whi 


T 


one often finds on the cool side of old build- 
ings near the ground, are also eroding 
agents (Fig. 8-13). Scrape off enough of 
expose the rock or brick underneath. It 
should show marks of etching by the root- 
like structures of these plants. Make an 
inch-thick slab of plaster by pouring into a 
Vaseline-lined cardboard or wooden box. 
When hardened, remove from mold. Place 
bean or other seed sprouts on the smooth 
Surface of the slab. Cover with moist paper 
toweling; keep in a terrarium or other 
humid container. After a few days, notice 
what the rootlets have done to the slab 
Surface. If it is possible to secure a small 
Piece of polished marble, cover with about 
One inch of soil, plant bean seeds, and 
water. After a few weeks, exhume the 
marble and examine the surface. The 
chemicals from root hairs will have dis- 
Solved a pattern on the polished surface. 
Sidewalks cracked and heaved by roots 
8towing under them are additional evi- 
dence of plants as erosion agents. 
To illustrate the power of germinating 
Seeds, fill a small glass jar with bean seeds. 
ill to the brim with water, screw cover on 
Securely, and leave overnight. Because the 
*Xpanding seeds will crack the jar, it must 
be placed in a cardboard or wooden box 
or a canvas sack for safety. 
: Look for evidence of erosion along the 
Joints of stone or brick steps. Compare 
weathered surfaces of old stone buildings 
With those of new construction. New pol- 
ished headstones as compared with 
Weathered or lichen-covered cemetery 
Markers also illustrate the continuous, 
CVer-present process of erosion. 
Earthworms by sheer numbers are 
Probably the most important animal 
agents of erosion. They are continually 
Pulverizing lower layers of soil and bring- 
ing it to the surface for use by plants. 
hat happens to coarse soil particles 
Passed through their gizzards is illustrated 
Y what they can do to certain hard foods 


Fig. 8-13 Lichen growing on the surface of a 
fallen tree. Note the ''fruiting" cup-like stalks 
which appear during the reproductive process. A 
lichen is a combination of two types of plants— 
fungus and alga—closely intergrown; neither plant 
can live alone under natural conditions, but to- 
gether they survive on bare rocks and dead trees. 
Their association is an excellent example of sym- 
biosis. (American Museum of Natural History.) 


on earthworm farms. In some sections they 
are fed walnut shells and olive pits which, 
in a surprisingly short time, are trans- 
formed into the finest garden soil. Other 
burrowers such as woodchucks and 
gophers also aid in the total amount of 
soil overturn. In digging, they bring rocks 
and coarse soil to the surface for further 
erosion by weathering and fragmentation. 


Expansion and contraction as erosion aids 


Alternate expansion and contraction 
due to heat and cold are important forces 
of erosion. On motor trips children may 
have noticed the expansion joints or 
spaces between concrete slabs on the high- 
way. A few may have noticed the spaces 
between railroad rails or at each end of a 
bridge. If there are cracks in the school 
sidewalk not caused by frost or tree roots, 
the cracks may have been caused by heat 
expansion. Make an experimental side- 
walk and see for yourself how a sudden 
cold rain might affect a sun-baked side- 
walk. Mix cement with equal parts of 
sand and water. Cast a 2" layer in a shoe- 
box which can be peeled off when the ce- 
ment hardens. Make enough cement mix 
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for three slabs. Next day place one slab 
outdoors for a control." Heat one with 
candles, Sterno, or other heat source. 
Then sprinkle with cold water. Cracking 
should result. Heating ordinary glass such 
as tubing and then plunging it into cold 
water also demonstrates the fracturing 
forces of sudden contractions. 

The third slab is used to illustrate the 
force of fracturing due to sudden expan- 
sion. When the slab has been thoroughly 
chilled in the refrigerator, pour hot water 
over it. 

A way to show the expansive force of 
freezing water is to freeze water in con- 
tainers with push-up tops, such as milk 
cartons. Just as milk on a very cold morn- 
ing pushes up the top of the bottle, so the 
water will push up the top of the container. 

Such experiments should help children 
see that water as a solid occupies more 
space than it does as a liquid. This too 
may help them understand why freezing 
water can split great trees with the crack 
of a pistol shot on a still cold night. Ice 
crystals occupy about one tenth more 
space than do water molecules. Children 
may wish to measure the height of the 
frozen milk above the bottle, and so 
forth. If you have a heavy canvas bag or 
other safe container for glass splinters, 
freeze a jar full of water whose cover is 
screwed down tightly. 

If you live in a climate where freezing 
temperatures occur, the children can find 
places where the sidewalk has heaved or 
been raised by water freezing and expand- 
ing below. This may raise the sidewalk 
enough to crack it. If the children observe 
cracks in the sidewalk or street Paving in 
autumn, they may see in spring that these 
cracks have been enlarged or extended by 
winter frost, 

In the mountains the water which seeps 
between rock layers or cracks expands as 
it freezes and loosens fragments, which 
sometimes accumulate to start a rock slide. 
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Anyone who has seen and heard the dust 
and roar from a rock slide has seen a com- 
bination of several erosive forces at work. 


Water in the soil 


Secure several glass jars of the same size 
and an equal number of tin cans which 
will just sit in the top of the jars. Baby 
food jars and frozen juice cans are a good 
combination. Make half a dozen holes in 
the bottom of each can with a slender nail 
or nail punch. Fill each can half full of soil 
from selected areas around the school. 
Add half a cup of water to each can and 
note what seeps through. From which 
sample did water start to drop first and 
finish dripping first; from which sample, 
last? Try the same procedure with sand 
from the kindergarten sandbox, clay from 
a local clay bank or from pieces of an old 
clay pot pulverized by hammering, loam 
from a garden, and humus or leaf mold 
from the woods. The children will see 
that water slips rapidly through sandy 
soil, and such soil is therefore apt to erode 
quickly. Water drips steadily through 
humus or organic matter, showing the 
importance of such material in the soil to 
retain rainfall and release it slowly with a 
minimum of erosion. 

The low permeability of clays makes 
rain run off, tending to wash areas below: 
Soil samples acting like clays may come 
from an area which may reveal sheet ero- 
sion and incipient gullying. 

The children may mix the sand, clay; 
and humus in different proportions and 
combinations, and retest for water reten- 
tion. Try adding sawdust in place of 
humus. 


STUDYING THE SOIL 
Soil moisture 


Secure several half-pint or pint covered 
Paper containers. Weigh and number 


empty containers. About 2 days after a 
rain, fill containers with samples of soil 
from a grassy plot, from beneath shrub- 
bery or trees, from a weedy area, from the 
school garden, from a bare section of the 
ball diamond. 

Cover containers as soon as filled, weigh 
as accurately as possible, remove covers, 
and set in a warm dry place. Stir soil 
every day and reweigh. Where there isno 
change in weight for a few days, the soil 
may be considered dried out. Note the 
order in which the soils from various loca- 
tions dried out. Then calculate the per 
cent of moisture by dividing the loss of 
weight by the dry weight of soil and 
multiplying by 100. If available, try also 
Soil samples from pasture, crop land, or 
woods. 

The related factor of water penetration 
may be studied in soils about the school 
with the help of some soup cans. Remove 
both ends of the cans with the help of a 
cutter, leaving smooth edges. Imbed in the 
ground to the same depth in selected spots. 
Fill to the brim with water and watch the 
time required for the water to sink into 
the ground. 


Soil compaction 


. Your efforts to imbed the soup cans 
illustrate the fact that soils differ markedly 
in compaction of their grains or particles. 
Recheck by testing with a pencil or pointed 
length of doweling. How far can you push 
Into the ground. Is it easier if the ground 
15 wet? Is there any relation between the 
amount of organic material in the soil and 
the ease or difficulty you experienced in 
Pushing into the ground? Is there any 
relation between plant cover and soil 
compaction, between erosion and compac- 
tion, between water retention and com- 
paction? 


Soil aggregates 


A lump of moist garden soil or florist’s 


potting soil breaks into smaller lumps very 
much like bread crumbs. Like bread 
crumbs, soil aggregates have holes or 
pores big enough to see with a magnifying 
glass. These holes'or spaces are very im- 
portant to soil because they permit the 
passage of water and air. Often house and 
garden plants die or do not flourish be- 
cause these all-important spaces become 
pushed together, preventing the free flow 
of air and water to the roots of the plants 
Sand facilitates good drainage and the 
maintenance of spaces between soil ag- 
gregates. 


What's in soil? 

Careful examination of a cubic foot of 
soil from the school grounds is apt to 
reveal a surprisingly varied composition. 
Use a gardener's flat spade in order to 
make a straight-sided hole. Spread out 
each shovelful on paper and make sepa- 
rate piles of pebbles, roots, sticks, and the 
like. Have a collection of plastic pill 
bottles or other small containers handy 
for sowbugs, earthworms, or other animal 
life of the soil. When the soil is partly 
dried out, sift it through sieves of increas- 
ing fineness. A square of hardware cloth, 
sieves 1^", 1⁄4”, or 1/16", or other wire 
mesh may serve. Make separate piles of 
each screening. Place partly disintegrated 
plant or animal debris in separate piles. 
Try the same process in another area and 
compare. 


Soil profiles 

If there is any spot near the school 
where the soil has been dug away three 
feet or more, as for a road cut or an exca- 
vation, you can distinguish at least two 
natural layers—the darker topsoil and the 
lighter subsoil. Often we miss seeing the 
topsoil layer because it is so thin or be- 
cause it is overhung and disguised with 
the roots of plants and fallen debris. 

Soil scientists test soil texture by the 
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feel, rolling it between their fingers or 
pressing it between the palms of their 
hands. By testing many soils in this way, 
they have come to divide soils into four 
kinds according to the predominant size 
of the particles. These four are gravels, 
sands, loams, and clays. Loams, mixtures 
of sand, silt, and clay in fairly equal pro- 
portions, are good for plants. 

In order to decide what kinds of soils 
you have in your vicinity, try to make all 
the soil samples about equally moist. 
There should be enough moisture for all 
the particles to stick together when you 
squeeze a handful, but no water should 
drip out (above). Roll a ball of each sam- 
ple the size of a big marble. Experiment 
until your samples are just moist enough 
to roll successfully into a snake-like or 
cigar-shaped roll. Put together all those 
“cigars” which make smooth stick rolls 
and hold their shape. They are probably 
clay soils. If you have rolls which crack in 
several places, you are probably working 
with a very silty soil. If you have soil 
which will scarcely roll into a small cigar, 
you are probably working with sandy soil. 

Soil scientists tell us it takes about 300 
years to make an inch of really productive 
topsoil. Let the children measure local 
topsoil in nearby road cuts or excavations. 
Let them calculate the probable time re- 
quired for its formation and deposit. Per- 
haps they may wish to relate this topsoil 
chronology to their history studies. Scrape 
this away so you can see and measure the 
thin dark layer which grows virtually all 
the plants on earth. Subsoil is usually 
too poor in organic material and too 
tightly packed to promote healthy plant 
growth. Test this for yourselves by sprout- 
Ing seeds in samples of topsoil and subsoil 
from the same location. In many parts of 
the country the Soil Conservationist 
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(U.S. Department of Agriculture) is most 
willing to show the children colored slides 
on local soil erosion and answer questions 
on local problems. 


Distinguishing soil by its feel 

As you have tested and examined the 
soil around school, you have come to real- 
ize that most surface soils are mixtures of 
particles of various sizes. Probably there 
are large stones and small. Usually you 
can see sand grains with a magnifying 
glass. There are probably fine silt particles 
which you cannot see except through an 
ordinary microscope. A soil composition 
analysis might also show such things as 
plant and animal remains and bits which 
become humus. All of these soil elements 
have a special job to do in the soil and 
each has a certain feel. For example, sand 
grains feel gritty, dry silt feels like flour or 
talcum powder which becomes smooth 
and slippery when wet; dry clay feels 
harsh; wet clay is sticky. Clay cements 
larger silt and sand particles together. 
Humus not only cements larger particles 
together but also prevents clay particles 
from packing too closely. 


Making soil 


Try rubbing rocks together to make 
soil. Try growing plants in soil made this 
way. Compare with plants grown in soil 
made of equal parts of sand, loam, and 
humus. In which type of soil do the plants 
do better? 

Place an assortment of rocks in a half- 
filled jar of water. The jar should be 
"stout" and the rocks neither too numer- 
ous nor too heavy. Every day the children 
can shake the jar and watch to see how 
fast they are making soil. Ask the local 
nurseryman or the Soil Conservationist 
how to make soil. 


CAPSULE LESSONS 


8-1 Encourage every child to make a small 
rock collection, say, one half or one dozen sam- 
ples of common rocks labeled and/or displayed 
in a cigar box or egg carton. 

8-2 List earthy materials in or around 
School. Some of these might be chalk, clay pots, 
graphite, copper, iron and steel, porcel^in, 
china, glass, aluminum, slate, etc. 

8-3 Examine sand with a hand glass. Ex- 
amine quartz or calcite crystals. Look at the 
cleavage planes in common feldspar crystals. 
Look at snowflakes in season. If possible let them 
fall on dark cloth. Snowflakes, of course, are 
water crystals, and water is a mineral. Use re- 
frigerator ice crystals as a substitute in warm 
climates. 

8-4 Look at salt under magnification. It, 

too, is a mineral. Rock is made of mineral crys- 
tals "packaged" together. Some rocks have but 
one mineral, some have several. Visit a gravel 
Pit or recent road cut where rock is exposed and 
collect rocks of each kind. 
. 8-5 List local industries depending primar- 
ily or secondarily on earth materials; use a clas- 
Sified telephone book. Then visit some of them 
for samples to use in display. Make a field trip, 
if possible, to a local quarry or builders’ supply 
Store, 

8-6 Make a map of land classifications for 
the nearest hill. Your Soil Conservation Service 
or Department of Agriculture might help. 

8-7 Leta group of children get a bucket of 
carth from a pasture or vacant lot. Examine it 
bit by bit on white paper or toweling. One group 
9f children found a total of 115 insect inverte- 

rates in a rectangle of earth 6" x 12” x 4” 
deep. 

8-8 Let children discuss and develop a chart 
Showing the cycle of change from rocks into soil 
and vice versa. 

8-9 How vacant is a vacant lot? Make an 
approximation of what college science students 
call quadrate studies of the area. This involves 
dividing the children into small teams, each team 
dnm responsible for making a close study and 
ils E report of everything they can find in 

ector. You might give them a common 


background by taking them on a preliminary 
trip to a typical part of the lot or similar area. 
Ask, *What do you,see?" Identification is of 
less importance here than keen observation. 
Which children later remember and which 
make new observations on a return trip will 
be an interesting way of evaluating children's 
abilities. 

8-10 Anurban environment is less of a des- 
ert than we think. John Kieran’s Natural History 
of New York City is a case in point. You may 
find the world in microcosm close at hand. For 
example, look for miniature examples of major 
geographical land forms on the school grounds. 
Local building stones, sidewalks, and curbstones 
often provide a geology field trip. There is much 
to be observed by close study of the area be- 
tween sidewalk and curb. For a wealth of crea- 
tive ideas developed by teachers, see Operation 
New York. 

8-11 Fill a quart screw-top container about 
% full. Add soil until water just overflows. Cover 
and shake well. As contents settle, lay a card 
against the side of the container; sketch the 
proportions of different layers (sand, gravel, 
loam, clay). Secure samples from different lo- 
cales and compare? Which layer has the largest 
particles? The finest? What is the major com- 
ponent of your sample? Many other interesting 
suggestions for investigating soil may be found 
in Conservation: A Handbook for Teachers, by E. L. 
Palmer. 

8-12 To gain some partial concepts of the 
importance of organic material in soil, secure 
dry leaves, pine needles, and grass. Weigh to- 
gether in a metal bucket, burn in the bucket, 
then reweigh. For further interesting sugges- 
tions, see Suggested Activities for the Teaching of the 
Conservation of Natural Resources, Montana Con- 
servation Council, p. 15. 

8-13 Older children may profit by some 
simple surveying around the school ground. The 
equipment they will need consists of a carpen- 
ter's level, a 6’ rod or pole marked off in inches, 
and a plane-surface table made of a platform 
nailed to a broomstick handle not quite 4’ 


long. 
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The air 


AIR TAKES UP SPACE 


Children, especially the younger ones, 
are usually unaware of the air around 
them. Because air is invisible, they do not 
realize that it is a real substance, just like 
solids and liquids. And just like any other 
real substance, air takes up space. 

Obtain a large, sturdy plastic bag. Do 
not use one that holds onions or potatoes 
because these bags have small holes in 
them. Press the bag flat. First fill the bag 
with blocks of wood, or marbles, or any 
other bulky solid material (Fig. 9-1). The 
children will see the bag bulge out, owing 
to the solid material in it. Have the chil- 
dren feel the bag and its contents. Let 
them come to the conclusion that when 
something real is put into the bag, the bag 
will bulge. 

Now empty the bag and refill it with 
water. The bag will bulge out again be- 
cause of the water in it. Call the children’s 
attention to the fact that as they feel and 


(b) 


Fig9-1 Air takes up space. 
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poke the bag, the water in the bag pushes 
back on their fingers. 

Empty the bag again. This time grip 
the bag at one side of its mouth and move 
the bag quickly through the air. When the 
bag fills up, hold it tightly at the neck 20 
that the air will not escape. Call the chil- 
dren’s attention to the bulging appear- 
ance of the bag. It bulges out just as it did 
with the other real and visible materials. 
Have the children feel and poke the bag 
again, and note how the air in the bag 
pushes back and feels springy. 

Obtain a square of cardboard, the size 
of a newspaper. (If the cardboard is not 
available, use a double sheet of newspaper 
opened up to make one sheet.) Have one 
of the children hold the cardboard in front 
of his body and run across the playground. 
Have the child run across the play- 
ground again, but this time without the 
cardboard. Point out that the child has to 
push air out of his way when he walks or 
runs. When he is holding a big sheet of 
cardboard in front of him, he has a lot of 
air to push out of the way. This is not 
easy, and the air slows him up. 

Crumple a paper napkin or paper towel 
and press it into the bottom of a glass 
tumbler. Make sure the napkin is pressed 
firmly against the bottom so that it will re- 
main there even when the tumbler is 
turned upside down. Now fill an aquar- 
ium or large glass jar almost full of water- 
Then lower the glass tumbler, mouth 


g—— 


down, into the water all the way down to 
the bottom of the aquarium. Let the chil- 
dren look at the tumbler while it is in the 
water. The water will rise up into the 
tumbler, but not all the way. 

Now lift the tumbler straight out of the 
water. Keep it upside down while you dry 
the edges. Then pull out the paper napkin 
and show it is still dry. Help the children 
understand that initially the tumbler is 
not empty but filled with air—a real sub- 
stance. When the tumbler is pushed into 
the water, the air has no way of getting 
out. The water pushes against the air, and 
even squeezes, or compresses, the air a 
little; thereby the water rises somewhat in 
the tumbler. But the air does not let the 
water travel all the way up the tumbler 
and reach the napkin. Asa result, the air 
in the tumbler keeps the napkin dry. 
“Seeing” air 

Take an “empty” bottle and lower it 
mouth down into an aquarium or glass jar 
that is almost full of water. Now tilt the 
bottle on its side and watch the air come 
Out in bubbles. The children are now 
really seeing air. You can also obtain bub- 
bles of air from a hollow rubber ball with 
a hole in it or from a rubber syringe bulb. 
Hold the ball under water and squeeze it 
gently. 

Another way of “seeing” air is to fill a 
tall glass jar full of water. Place a piece of 
Cardboard or glass over the mouth of the 
Jar and invert the jar into a pan or dish 
Containing water. Do not remove the 
cardboard until the mouth of the jar is be- 
low the surface of the water. Now remove 
the cover and let the jar stand inverted in 
the pan. Tilt one end of the jar a little and 
place the tip of a medicine dropper under 
it. Squeeze the bulb of the medicine drop- 
Per and watch the bubbles of air move up 
to the top of the jar. Remove the medicine 
dropper from the water to allow more air 
to enter in the dropper. Then repeat the 


Fig. 9-2 Transferring air from one glass tumbler 
to another. (From UNESCO Source Book for Sci- 
ence Teachers, UNESCO, 1956.) 


process. Do this several times. Call the 
children's attention to the fact that as 
more and more air enters the jar, it must 
occupy space. To do this, the air forces 
some of the water out of the jar. 

The children might like to transfer air 
from one glass tumbler to another. Obtain 
two glass tumblers of the same size. Put 
one tumbler into an aquarium or large 
glass jar almost full of water. Let the tum- 
bler fill up with water. Then invert the 
tumbler mouth downward and hold it so 
that the tumbler is half in and half out of 
the water. The water in the tumbler will 
remain there as long as the mouth of the 
tumbler remains below the surface of the 
water. 

Now, holding the tumbler in this posi- 
tion, lower the second tumbler into the 
aquarium with its mouth downward (Fig. 
9-2). Bring the edge of the tumbler of air 
under the edge of the tumbler full of 
water. Then slowly tip the tumbler of air 
so that the bubbles of air rise directly into 
the tumbler of water. The bubbles of air 
push the water out of the tumbler. Soon 
the tumbler of water becomes filled with 
air, while the tumbler of air now becomes 
filled with water. 


“Feeling” air 


Now that the children know that air is 
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Fig.9-3 Making a pinwheel to show the effect of 
moving air. 


real and takes up space, it is time for them 
to “feel” air. Let the children lift a book 
cover and, holding their faces near the 
book, close the cover suddenly. They will 
feel a wind on their faces, Help them un- 
derstand that there is air all around the 
book. When the book cover is closed, it 
pushes the air. This moving air is called 
wind. 

Crumple a small piece of tissue paper 
and place it in front of the book. Lift the 
book cover and close it quickly. The mov- 
ing air will cause the paper to fly away. 

Makea paper fan by folding a piece of 
typing paper into narrow strips, first one 
way and then the other as in the folds of 
an accordion. Have the children fan 
themselves. When fanning, they are mov- 
ing air and thus creating a wind. Point out 
that the blades of an electric fan cause the 
air to move quickly and thereby create a 
Strong wind. 

Have the children make a pinwheel. 
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Obtain a piece of heavy paper or card- 
board six inches square. Draw two lines 
joining the opposite corners. These lines 
are called diagonals. Put an X in each of 
the four corners, as shown in the diagram 
(Fig. 9-3). Now cut along each diagonal 
to within an inch of the center. Bend each 
corner containing the X (every other cor- 
ner) so that all the corners lay over the 
center. Push a pin through the center; 
then push the pin into the eraser of a pen- 
cil. Let the children blow on the pinwheel 
or place it in front of an electric fan. Let 
them run up and down the schoolyard 
with the pinwheel in front of them. 
Obtain an empty paper milk carton. 
Push the pencil which holds the pinwheel 
through the carton. Place the carton in 
front of an electric fan or an open window. 
The wind makes the toy windmill turn. 
Call the children’s attention to the wind 
as it rustles the leaves, causes the flag to 


fly, and makes clothes on the line flutter 
and flap. 


AIR HAS PRESSURE 


As you know, we are living at the bot- 
tom of an ocean of air that is at least 500 
miles deep. The gravity of the earth pulls 
the air down, just as it pulls down every- 
thing else on earth. Therefore, the air has 
weight. Although air doesn't seem to 
weigh much when compared to other ma- 
terials, an ocean of air 500 miles deep 
weighs a great deal. Everything that has 
weight can and does exert a pressure. 
Consequently, the great weight of air 
above us also exerts or causes pressure. 
Scientists tell us that the pressure of air at 
sea level is approximately 15 pounds 
(14.7) on each square inch of surface. 

Lead the children to associate weight 
with pressure. Have them stretch their 
arms straight out, and pile books on their 
hands. Let them recall the experience 1n 
the playground when there was a pile-up 


of children. Certainly the ones at the bot- 
tom felt the pressure from the weight of 
those on top. 

To show that air exerts pressure, place 
a heavy book upright on an empty paper 
bag. Blow hard into the bag. The pressure 
of the air will cause the book to topple 
over. Repeat the experiment, using a long 
balloon and a tin can. 

The children might like to see how air 
pressure blows water out of a bottle. Fill a 
Pan half full of water. Also fill a large 
wide-mouthed bottle full of water. Cover 
the bottle opening with a piece of card- 
board or glass, and invert the bottle into 
the pan of water. Do not remove the card- 
board or glass until the mouth of the 
bottle is below the surface of the water in 
the pan. Then remove the card and let the 
bottle stand inverted in the pan. Now tip 
the bottle a little and insert one end of a 
rubber or plastic tube only a short way up 
into the bottle. Blowing into the other end 
of the tube will cause the water to be 
blown out of the bottle. Point out that by 

lowing air through the tubing, you are 
forcing air into the bottle. This air exerts 
Pressure on the water and pushes the 
water out. 

Children are quite familiar with the 
Pressure of moving air. When the wind 
blows strongly, the children feel its pres- 
Sure on their faces and bodies. When driv- 
ing in an auto with their hands out the 
Window, they feel the pressure of the air. 

€ air in front of an electric fan also ex- 
€rts a pressure. 

Obtain a bicycle pump. As you work 
the pump, have one child place his hand 
ìn front of the outlet nozzle. He will feel 
the Pressure of the air as it is forced out. 

n Air exerts or causes pressure even when 
lt is not moving. À demonstration very 
commonly used to show this involves the 
Use of a large can. An empty duplicator 
fluid can or any other large can with a 
Screw-on cap is just fine. Make sure the 


Fig. 9-4 Air pressure causes a can to collapse. 
(From R. W. Burnett, Teaching Science in the Ele- 
mentary School, Holt, Rinehart and Winston, 
1953.) 


can is clean inside before you use it. Pour 
a glass of water into the can and, keeping 
the can's cap off, heat the can on an elec- 
tric hot plate. Boil the water vigorously 
until steam can be seen coming from the 
top (Fig. 9-4). Now remove the can from 
the hot plate (Caution: It is hot.) and 
quickly screw on the cap before the can 
has a chance to cool. Have the children 
watch the can as it cools. It collapses and 
twists out of shape. If you are pressed for 
time, you can obtain the same effect 
quickly by pouring cold water over the 
hot can. 

Point out that before the experiment 
was begun there was air inside the can. 
Because the pressure of the air inside and 
outside the can was the same, nothing 
happened to the can. The heating serves to 
remove the air inside the can and thereby 
lower or reduce the air pressure inside the 
can after cooling. This is done as fol- 
lows. When the water boils in the can, 
steam is formed. The steam pushes out 
some of the air. When the cap is replaced 
and the can allowed to cool, the steam is 
changed back to water. Now there is less 
air in the can than there was originally, 
and therefore the pressure of this air also is 
less. As a result, the greater air pressure 
exerted on the outside of the can causes 
the can to crumple. (The purpose of pour- 
ing cold water on the can is to make the 
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steam condense back to water more 


quickly.) 

You might like to use a simpler method 
of accomplishing the effect described 
above, without having to deal with the 
concepts of boiling, formation of steam, 
condensation, etc. If so, obtain a one-hole 
rubber stopper that fits the opening in the 
can. Insert a short piece of glass tubing 
into the stopper. Fit the stopper tightly 
into the can. Use heavy rubber or plastic 
tubing to connect the glass tubing to a bi- 
cycle pump that is to be used as a vacuum 
pump (Fig. 9-5).' Now simply pump the 
air out of the can. With less air in the can, 
the air pressure inside becomes less and 
the can will collapse. 

If a vacuum pump is not available, 
there is still another demonstration that is 
quite effective. Insert a short piece of glass 
tubing into a one-hole stopper that fits the 
hole in the tin can. Attach a piece of rub- 
ber or plastic tubing about 15-20’ long 
to one end of the glass tubing. Fill the can 
with water and stopper the can. Now pour 
water into the rubber tubing until it is also 
filled with water (Fig. 9-6). Then fold 
back the free end of the rubber tubing so 
that the water will not run out. A spring- 
type clothespin serves as a clamp to pre- 
vent the water from running out. 

Place the can on the window sill of the 
second floor of the school. Let the rubber 

‘Every scientific supply house sells the bicycle-type 


pump that can be used as a vacuum pump. You may 


also be able to borrow such a pump from a high school 
science department. 
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Fig. 9-5 Using a bicycle pump to 
make a can collapse. (From A. Jo- 
seph et al., A Sourcebook for the 


Physical Sciences, Harcourt, Brace & 
World, 1961.) 


tubing hang down to the ground below. 
Have one of the children release the 
clamp. Enough water will run out of the 
rubber tubing and the tin can to cause the 
can to collapse. Point out that as the water 
leaves the can, an empty space is left in 
the can. This “empty space” is called a 
vacuum. Since, by definition, there is vir- 
tually no air in a vacuum, there is conse- 
quently no air pressure in the inside of the 
can. Therefore, the pressure of the air on 
the outside of the can causes the can to 
collapse. This, in turn, allows more water 
to flow out, thereby creating a new vac- 


Fig. 9-6 Water running out of a can creates e 
vacuum, causing the can to collapse. (From A- Jo- 
seph et al., A Sourcebook for the Physical Sciences, 
Harcourt, Brace & World, 1961.) 


uum which causes the can to collapse a bit 
more. 

Obtain a thin flat stick about 2’ long 
and 1-2” wide. The stick should be no 
thicker than a wooden ruler. Lay the stick 
flat on the table with about 8” extending 
beyond the table. Cover the part of the 
stick that is on the table with two or three 
sheets of newspaper. Be sure to smooth the 
Paper down as flat as possible. With a 
hammer or a baseball bat, strike the end 
of the stick sharply. The stick breaks in 
two. Help the children understand that 
when the stick is hit, the other end tries to 
Push up like a see-saw. But the air on top 
of the spread-out newspaper is pushing 
down on the wood. This air pressure holds 
the wood down and, instead of flipping 
Over, the wood breaks into two pieces.” 


Equal in all directions 


, Under ordinary conditions air pressure 
I5 exerted equally in all directions. Blow a 
few soap bubbles. Detach the bubbles and 
note that they are always shaped as 
spheres. This shows that the pressure of the 
alr inside the bubble is acting equally in 
all directions. The same holds true for the 
air outside the bubble. 

, Here is another way of showing equal 
alr pressure in all directions. Cover the 
Wide opening of a glass or plastic funnel 
ias à piece of rubber from a balloon. If 
it : rubber does not fit tightly, glue or tie 
k own. Remove some air from the funnel 

Y sucking at the narrow end. The rubber 
will then curve downward because the 
Pressure of the air outside the funnel is 
Romer than the air pressure inside the 
"nnel. Quickly slip your finger over the 
eO end of the funnel. This will pre- 

€nt air from coming back into the funnel. 

he rubber thus stays pulled inward. No 
Matter which way you hold the funnel- 
,In actuality, this is an oversimplified explanation. 


Wh 

en mu: E 5 

i the stick is struck, inertia also exerts some force 
n the stick. 


upward, downward, or sideward—the 
rubber stays in the same position. This is 
due to the fact that air pressure is exerted 
equally in all directions. 


Increases with increasing volume 


The children might be interested in 
using air pressure to make a milk bottle 
blow its cover off. Fill a milk bottle half 
full of hot water and quickly put the cover 
back on. The hot water heats the air 
above it. The air becomes warm and ex- 
pands. This expanding air causes the air 
pressure inside the bottle to increase. As a 
result, the increased air pressure makes 
the bottle cover pop off. 

Like most solids, liquids, and gases, air 
will expand when heated and will con- 
tract when cooled. Experiments showing 
this effect, together with convection cur- 
rents, are taken up in detail in Chapter 
18. 

The pressure of the air can be meas- 
ured. Experiments on how this may be 
done, together with the use of air pressure 
in predicting weather, are taken up in de- 
tail in Chapter 6. 


THE EFFECT OF AIR PRESSURE ON WATER 


Air pressure has some interesting effects 
on water. Fill a glass tumbler or bottle 
completely full of water. Place a square of 
cardboard over the mouth of the tumbler. 
Hold the card with your hand while you 
turn the tumbler upside down. You will 
be able to hold the tumbler upside down 
and yet the cardboard will not fall. This 
demonstration should be performed over 
the sink or a pan, just in case it doesn’t 
work the first time. 

The children would expect the water to 
fall out, especially since it has weight and 
gravity is pulling on it. However, point 
out that the air is pushing up on the card- 
board. It is pushing up harder than grav- 
ity is pulling on the water. Therefore, air 
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pressure prevents the water from running 
out. 

Stretch a double layer of cheesecloth 
over the mouth of a bottle and fasten it se- 
curely with a rubber band or string. Fill 
the bottle with water by pouring it through 
the cheesecloth. Quickly turn the bottle 
upside down. The pressure of the air pre- 
vents the water from flowing out of the 
bottle. It is interesting that you can fill the 
bottle through the cheesecloth, yet cannot 
empty it through the cheesecloth when 
you hold the bottle upside down. 

Place a bottle or glass tumbler inside an 
aquarium or large pan almost full of 
water. Let the bottle fill with water. Now 
turn the bottle upside down and lift up the 
bottle with its mouth down until the bottle 
is nearly out of the water. The water will 
not run out of the bottle because it is held 
up by air pressure pushing down on the 
surface of the water, 

There are other demonstrations to show 
that air pressure interferes with pouring 
water or liquids. Obtain a narrow-neck 
bottle and a glass or plastic funnel. Place 
the funnel in the neck of the bottle, leav- 
ing some space to be filled with modeling 
clay. Be sure to pack the clay tightly in the 
neck of the bottle. Now pour water slowly 
into the funnel. The water will not run 
into the flask. Have the children recall 
that air takes up space. The water cannot 
flow into the bottle because the tube of the 
funnel is small and therefore does not pro- 
vide enough room for the air to go out of 
the bottle at the same time that the water 
is going in. Asa result, the air pressure in- 
side the bottle prevents the water from 
running in, 

With a nail or Pencil carefully punch a 
hole through the modeling clay into the 
inside of the bottle. The water can run in 
freely now because there is room for the 
air in the bottle to come out. 

The children should now be able to ex- 
plain why water gurgles when it is poured 
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out of a narrow-neck bottle and also why 
the water comes out in spurts. As the 
water pours out, air is trying to get in. 
When air does get in, it gurgles as it goes 
through the water. While the air is com- 
ing in, it slows up or stops the water that 
is coming out. As a result, the water comes 
out in spurts. 

Punch a hole in a can of fruit juice. Be- 
cause of the air pressure outside, the juice 
either will not pour out or will pour out 
with difficulty. Punch a second hole in the 
can. The juice will now pour out easily. As 
the juice pours out of one hole, the air 
comes into the second hole. The air in the 
second hole is pressing down on the juice 
with just as much force as it is pushing on 
the juice in the first hole. This allows the 
juice to pour of its own weight. 

This effect can also be shown quite 
clearly by making a dip tube. Hold your 
finger over one end of a glass tube or 
transparent straw and lower it into a glass 
of colored water. Very little water will 
enter the tube because the tube is filled 
with air that cannot escape, and the pres- 
sure of the air inside the tube prevents the 
colored water from rising in the tube. 
Now remove the finger. The air inside the 
tube escapes as the water in the tumbler 
rises up the tube, Replace your finger over 
the tube and then lift the tube out of the 
water. Air pressure at the bottom of the 
tube prevents the water from running out. 
Now remove the finger once more and the 
water will run out. The air is now pressing 
down on top ofthe tube with just as much 
force as the air pressing up at the bottom 
of the tube. The water then falls of its own 
weight. 


Diving bell 


Air pressure enables men to work under 
water. To show this, float a cork in an 
aquarium or a large jar half full of water- 
Place a glass tumbler mouth down over 
the cork and press the tumbler down until 


Fig. 9-7 How fresh air can be supplied to men 
Working under water, 


it reaches the bottom. The pressure of the 
air in the tumbler will prevent water from 
filling the tumbler and wetting the cork. 
Such a device on a large scale is called a 
diving bell or caisson. It looks like a steel 
tumbler upside down. In it men can work 
Safely and be kept dry at the bottom of a 
lake or Ocean. 

To show how the men can be supplied 
with fresh air while working in a diving 
bell, Obtain a large funnel and a rubber 
9r plastic tube. Connect the tube to the 
funnel and place the funnel over the float- 
ing cork (Fig. 9-7). Push the funnel down 
to the bottom of the aquarium. While 

olding the funnel down, blow air into the 
rubber tube, As long as air is blown into 
the tube, the men are safe and dry and are 
Supplied with a constant source of fresh 
alr. Excess air will leave at the sides of the 
funnel, 


A Cartesian diver 


The children have a lot of fun playing 
with a Cartesian diver, a bottle within a 
bottle that moves up and down mysteri- 
ously. Obtain a tall glass jar and a small 
Blass via] with straight sides. Fill the jar 
almost full of water. Then partly fill the 
Vial with water and turn it upside down 
in the water in the jar. Hold a piece of 


cardboard or glass or your finger over the 
mouth of the vial when you place it into 
the jar of water. Then release. If the vial 
sinks to the bottom, it has too much water 
in it. If the vial floats with the bottom 
above the water, it has too little water in 
it. The idea is to have the vial float upside 
down so that its bottom is just about level 
with the surface of the water in the jar. 
Keep on adding and taking away water in 
the vial until the vial floats in the desired 
position. 

Now stretch a sheet of rubber from a 
balloon over the mouth ofthe tall jar and 
hold it securely in place with a rubber 
band or string. When you press on the 
sheet of rubber, the vial will sink to the 
bottom of the jar (Fig. 9-8). When you re- 
move your hand, the vial rises up again to 
the top. Help the children understand that 
when you press on the sheet of rubber, you 
compress the air in the tall jar. The com- 
pressed air presses on the water which in 
turn compresses the air in the vial. When 
the air in the vial is compressed, more 
water enters the vial, which now becomes 
heavier and sinks. When you remove your 
hand, the pressure on the jar and water is 
released and returns to normal. The 
air in the vial is no longer compressed 
and pushes out the extra water that 
entered. The vial then rises up again to its 
original position. It is possible to adjust 
the balance finely so that the pressure 


Fig. 9-8 Changes in air pressure make a Carte- 
sian diver go up and down. 
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strips of wood 


Fig. 9-9 How a drinking fountain for chickens 
works. 


against the glass sides of a capped bottle 
completely filled with water will cause the 
vial to sink. 


Drinking fountain for chickens 


Have the children ever made a drink- 
ing fountain for chickens? Air pressure is 
responsible for the way it functions. Put 
about an inch of water in a deep pie dish. 
Fill a widemouthed jar with water. Cover 
the top with cardboard, invert the jar, and 
place it face down into the water in the 
dish. Obtain two small strips of wood 
about !4—/^" thick. Place the wood in the 
dish and support the jar on the strips of 
wood (Fig. 9-9). 

Now suck some of the water out of the 
dish with a straw. Water will leave the jar 
and move into the dish to take the place of 
the water that is drawn out. At the same 
time large bubbles of air will occasionally 
move up into the jar. The air takes the 
place of the water that flowed out of the 
jar. The children may have noticed the 
same effect with the air bubbles in office 
water containers. 


THE EFFECTS OF REDUCING AIR PRESSURE 

Stretch a piece of rubber from a balloon 
over the top of a tobacco or clay pipe. Tie 
the rubber securely around the pipe bowl 
with a rubber band or string so that it will 
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be airtight. The rubber is level with the 
top of the pipe bowl. It remains level be- 
cause air pressure both outside and inside 
the pipe is exactly the same. 

Now suck in on the pipe stem. The rub- 
ber immediately curves downward. By re- 
moving some of the air inside the pipe, the 
air pressure inside is consequently less- 
ened. The air pressure on the outside of 
the pipe is now greater than the air pres- 
sure on the inside of the pipe. As a result, 
the rubber is forced downward. 

When air is removed from a space, leav- 
ing nothing in its place, the resulting 
“empty space” is called a vacuum. If all 
the air were removed, the space would be 
called a complete vacuum. However, be- 
cause it is almost impossible to remove all 
the air, only a partial vacuum is created. 
Whenever a vacuum is produced, a differ- 
ence in air pressure results. This difference 
in air pressure causes things to move and 
creates interesting effects. 

In 1650 Otto von Guericke, mayor of 
Magdeburg in Germany, performed an 
ingenious experiment demonstrating the 
effects of a vacuum. He made two iron 
hemispheres, each one resembling one 
half of a rubber ball, that fitted closely 
together to form a hollow iron sphere. The 
hemispheres were so constructed that air 
could be pumped out of them when they 
were joined together as a hollow sphere- 
When von Guericke removed most of the 
air from the hemispheres, thereby creating 
a considerable vacuum within the sphere, 
teams of eight horses on each side were 
unable to pull the hemispheres apart! 

It is not hard to understand why the 
horses could not pull the hemispheres 
apart. When the air was removed from 
the hemispheres, there was very little ait 
pressure on the inside of the hemispheres- 
Yet on the outside there was approx! 
mately 15 pounds of air pressing on each 
square inch of surface. No wonder the 
horses were unable to overcome the tre 


Fig. 9-10 Making an egg pop into a bottle. 


mendous force pressing on the hemi- 
Spheres! However, when air was re- 
admitted into the hemispheres, the air 
Pressure on the inside and outside became 
the same. As a result, the hemispheres 
came apart very easily. 
The children will enjoy watching you 
Put a hard-boiled egg into a milk bottle. 
)btain a small hard-boiled egg that is 
Slightly larger than the mouth of a milk 
ottle. Peel the egg. Make a twist of paper 
and light it with a match. While the paper 
I$ still burning, drop it into the milk bottle 
and quickly set the peeled egg into the 
Mouth of the milk bottle (Fig. 9-10). 
s Most as soon as the flame goes out, the 
88 goes through the neck of the bottle 
With a loud pop. 
i oint out that the burning paper uses 
P some of the oxygen from the air in the 
ias and also drives some airout through 
th Pansion, This means there is less air in 
: € bottle and, consequently, less air pres- 
ure. The air pressure on the outside of the 
i Sttle is now greater than the air pressure 
as the bottle. The air on the outside 
US pushés the egg into the bottle. 
9 get the egg out of the bottle, 
le mouth down so that the egg re 
* Deck of the bottle. Lean your hea 
© way back, and press the mouth of 
ttle against your own mouth until i 
Airtight, Now blow hard into the bottle. 
ls will force much air into the bottle 
Until the air pressure inside the bottle 1s 
oe than the air pressure outside. The 
T Inside will now push the egg out. 
he same experiment can also be done 


tip the 
sts in 
dall 
the 
t is 


bott 


with a partially peeled banana (Fig. 9-11), 
Select a banana that fits snugly into the 
bottle mouth so that it will be airtight. 
The banana will end up in the bottle, 
completely peeled. 

The sink plunger, or “plumber’s 
helper,” illustrates the effects of a partial 
vacuum and differences in air pressure. 
You can borrow one from the school cus- 
todian. Moisten the rubber cup and press 
down firmly on a stool or chair until most 
of the air in the cup is expelled. You will 
now be able to lift the stool with the 
plunger. Help the children understand 
that by forcing the air out of the cup, a 
partial vacuum was formed inside. The 
air pressure on the outside is greater than 
the air in the cup and holds the cup firmly 
to the stool. Coating the cup with water 
helps seal out the air. 

If you can, obtain two small-sized 
plungers. This experiment works better 
with the smaller ones. Moisten the sur- 
faces of both cups. Have a child hold one 
handle against the floor or the wall, while 
you push one cup against the other to 
force the air out of both cups. Now have 
two children try to pull the plungers apart 
(Fig. 9-12). The children are actually re- 
peating von Guericke’s experiment with 
the hemispheres. They should now know 
that there is a partial vacuum inside the 
cups. The air pressure on the outside holds 
the cups firmly together. 

Many toys and gadgets use suction cups. 
One such common toy is the dart gun 
which shoots darts that have suction cups 


burning paper 


Fig. 9-11 Air pressure peels a banana. 
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Rubber sink 
stoppers 


Plumber's sink pumps 


Fig. 9-12 A partial vacuum makes it difficult to 
pull two pumps apart. (From R. W. Burnett, Teach- 
ing Science in the Elementary School, Holt, Rinehart 
and Winston, 1953.) 


instead of points. A common gadget using 
the suction cup is one that attaches an ash 
tray to the dashboard of the car. If you 
can obtain one, demonstrate it in class. Do 
not use water to seal out the air, because 
water evaporates soon after and the suc- 
tion cup falls off. Try mineral oil or Vase- 
line instead, and the suction cup will stay 
for a very long time. 

Open up a bottle of soda water, prefer- 
ably one that is colored. You might like to 
use colored lemonade in a bottle instead. 
Insert a glass or plastic straw and have 
one child drink some of the soda through 
the straw. When the child sucks on the 
end of the straw, he removes some of the 
air in the straw. This creates a partial 
vacuum inside the straw. The air on the 
surface of the soda in the bottle now has 
a greater pressure than the air inside the 
straw. Consequently, the air pressing on 
the surface of the soda pushes the liquid 
up the straw. 

If the child wishes, he can put his 
tongue quickly to the top of the straw 
while he is drinking. His tongue will make 
the straw a dip tube (see p. 136). 

Now obtain a one-hole rubber stopper 
that fits the mouth of the soda bottle. The 
bottle should be full or almost full of soda 
or lemonade. Insert the glass or plastic 
straw into the stopper and fit the stopper 
tightly in the bottle. If a stopper is not 
available, pack modeling clay tightly 
around the straw instead. The child will 
now find that he cannot drink the soda 
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because it will not go up the straw. This 
phenomenon takes place because no air 
can enter the bottle to push the soda up 
the straw. Loosening the stopper or punch- 
ing a hole in the clay will make it possible 
for the child to drink again. 

Have the children manipulate a medi- 
cine dropper. Point out that when the 
bulb is squeezed, some of the air is forced 
out of the dropper. You can show this by 
squeezing the bulb while the dropper is in 
the liquid. There is now a partial vacuum 
in the dropper. The pressure of the air in- 
side the dropper is less than the pressure of 
the air on the surface of the liquid. There- 
fore, the air on the surface of the liquid 
pushes the liquid up the dropper. 

Fit a test tube with a one-hole rubber 
stopper. Insert a glass or plastic tube into 
the stopper so that one end of the tube is 
just below the stopper (Fig. 9-13). Pour a 
small amount of water into the test tube. 
Stopper the test tube tightly and heat the 
test tube in the flame of an alcohol lamp 
or Bunsen burner. The water soon begins 
to boil, driving some of the air out of the 
test tube. After the water has boiled 4 
short while, invert it so that the open end 
of the glass tube is in a tumbler of colored 
water. As the test tube cools, the steam in- 
side the test tube condenses. This leaves à 
partial vacuum in the test tube. The af 
pressure on the surface of the water in the 
tumbler is greater than the air pressure in- 


" š i om ses 
Fig. 9-13 A difference in air pressure cau 


colored water to rise into a test tube. 


cooled water 


water that has just 
been boiled 


Fig. 9-14 Turning a balloon inside out. 


side the test tube. Therefore the air on the 
Surface of the colored water pushes the 
water up into the test tube. Recall the ex- 
Periment with the boiling water in the 
duplicating fluid can (p. 133). The par- 
tial vacuum is formed in the same manner 
1n each case, 
paj erences in air pressure can turn a 
ani on inside out. Obtain a Pyrex flask 
ert Ng balloon. If the flask is not 
fi € le, a Pyrex baby bottle will serve 
ins à - Pour a small amount of water in 
indi ask. Heat the flask on a hot plate 
id the water boils vigorously. Then re- 
3 Ve the flask and quickly stretch the 
NA of the rubber balloon over the 
-— of the flask (Fig. 9-14). As the flask 
the the balloon will turn inside out in 
ia vene The children should now be able 
en ar that a partial vacuum has 
Pih. Ormed. The air outside the flask 
junio hard enough to turn the balloon 
o e ut and even blow it up. 
sta brain a large bottle and a one-hole 
a a to fit the mouth of the bottle. 
hs st a short piece of glass tubing through 
tithing E and connect a piece of rubber 
bwe to the outer end of the glass tube. 
- upa balloon, but not all the way. 
à Sit the air from escaping by twisting 
allo €r band around the neck of the 
PA on. Place the balloon in the jar and 
ma the jar tightly. Now have a child 
15) wa. repeatedly from the jar (Fig. 9- 
fine hen the child stops for breath each 
ti htt remind him to squeeze the tubing 
8^tly. This will prevent air from going 


Fig. 9-15 Making a balloon larger by reducing 
the air pressure around it. 


back into the jar while the child catches 
his breath. The balloon will become larger. 
As a partial vacuum is formed in the jar, 
the air inside the balloon pushes the bal- 
loon out in all directions. When you let 
air inside the jar again, the balloon re- 
turns to its original size. 

Reducing the air pressure in the lungs 
enables us to breathe. When you breathe 
in, your diaphragm moves downward and 
makes the lungs expand. The air already 
present in the lungs spreads out to occupy 
this larger space. This reduces the air 
pressure in the lungs. The higher air pres- 
sure outside now pushes air through your 
nose or mouth into your lungs. How we 
inhale and exhale is explained more fully 
in Chapter 14. 


HOW MOVING AIR BEHAVES 


Obtain an electric fan and hold a long 
narrow strip of paper first in front of and 
then behind the fan (Fig. 9-16). Held in 


low-pressure area 


high-pressure 
area 


Fig. 9-16 Effects of high and low air pressure. 


HOW MOVING AIR BEHAVES 141 


ESN aam High pressure 
» 


Fig.9-17 A rapidly moving air stream between 
two apples makes the apples come together. 


front, the paper strip blows away from the 
fan because the whirling blades create 
moving air with a high pressure. Held in 
back of the fan, the paper strip bends 
toward the blades. This indicates low air 
pressure. The blades push the air in front 
of it away, creating a partial vacuum be- 
hind the fan. A fresh supply of air is then 
pushed into this low-pressure area in back 
of the fan. 

À vacuum cleaner has a motor which 
runs a fan. The high-pressure area is in 
the region of the bag which collects the 
dirt. The low-pressure area is in the nozzle 
and the hose. Fresh air rushes into the 
low-pressure area with such force that it 
carries the dirt with it. 

When air is moving rapidly, the air 
Pressure is affected. Where the forward 
speed of the moving air stream is high, the 
air pressure at the sides is low. 

Tie strings to two apples (or thread two 
Ping-pong balls) and suspend them from a 
Support so that they hang side by side 
about an inch or two apart (Fig. 9-17), 
Ask one ofthe Pupils to blow air through 
a straw between the apples in order to try 
to blow them farther apart. However, the 


Pressure on the outer surfaces of the apples 
Pushes the apples together. 
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Place one end of a sheet of paper be- 
tween the pages of a book. Hold the top 
of the book level with your mouth and 
blow over the top of the book (Fig. 9-18). 
The sheet of paper rises up. Point out that 
here again the fast moving air stream over 
the top of the paper creates a low air pres- 
Sure on the top side of the paper. The 
greater air pressure underneath the paper 
pushes the paper up. 

The wing of a plane is curved so that 
when air streams move over the wing, the 
same lifting effect is produced on the 
wing. See Chapter 27, for many demon- 
strations on the principles of flight and for 
a discussion of kites, gliders, and balloons. 

There are many more experiments the 
children can perform to show the effect of 
fast-moving air streams. In each case, the 
fast-moving air stream creates a low air 
Pressure on one side. The greater air pres- 
sure on the other side then pushes towar 
the side with the lower air pressure. : 

The following activities illustrate this 
Principle of moving air streams, ani 
ered by the scientist Bernoulli and calle 
Bernoulli’s principle. Have the children 
explain the action in each case. 

Obtain a piece of paper about 8” ne 
and 4” wide. Bend down each end of t s 
paper about an inch, so that the ig 
forms a bridge. Now place the bridge © 


fast-moving air 


low pressure 


e 
Fig.9-18 A rapidly moving air stream n : 
top of a paper makes the paper rise. (From Page 
Brandwein et al., You and Science, Harcourt, 
& World, 1960.) 


Fig. 9-19 Using Bernoulli's principle to keep an 
Index card from falling. (From A. Joseph et al., A 
Sourcebook for the Physical Sciences, Harcourt, 
Brace & World, 1961.) 


the table and blow hard under the bridge. 
ne bridge, instead of blowing over, will 
Cling tightly to the table. 
D Cut a 3" Square from a filing card. 
raw diagonals to find the mid-point and 
Put a pin through it. Now place the pin in 
m hole of an empty thread spool, so that 
à © card is resting at the bottom of the 
Pool (Fig. 9-19). Hold the card lightly 
s ith. the finger and blow through the 
E Then remove the finger, continuing 
9w. The card will cling to the spool. 
= ave the children note that the air you 
Te blowing flows out rapidly between the 
in ipi of the spool and the card, as shown 
Sur E diagram. This produces a low pres- 
Sul In this space, and the air below the 
Pushes up against the card. 
ace a ping-pong ball in a glass or 
Plastic Rune ie ae head Sue and 
oW hard into the stem of the funnel (Fig. 


9. 
?0). The ball will not blow out of the 


blow 
Y 


Fi blow 
pS 9-20 


Unnel. Keeping a ping-pong ball inside a 


o ————————————— 


funnel but cling closely to it. Now invert 
the funnel so that its mouth faces down- 
ward. Hold the ping-pong ball in the fun- 
nel and blow hard. Now remove your 
hand, continuing to blow into the funnel. 
The ball will remain in the funnel. 

Hold your hand flat outside the window 
of a moving auto. Then tilt your hand 
slightly so that the front end is raised. The 
fast-moving air stream will cause your 
hand to lift. 

Tilt an electric fan so that it is facing 
straight up. Blow up a rubber balloon and 
tie the neck tightly with a string. Then 
place the balloon in the air stream. The 
balloon will remain in the stream. The 
pressure of the surrounding air is greater 
than the sidewise air pressure of the 
stream. 

Obtain two soda straws and flatten one 
end of each straw slightly. Place one straw 
in a tumbler of colored water. Place the 
other straw at right angles to the first 
straw, with both flattened ends together 
(Fig. 9-21). Now blow hard through the 
horizontal straw. The water level in the 
vertical straw will rise. If you blow hard 
enough and carefully enough, the water 
will reach the top ofthe vertical straw and 
spray out. 

Point out that blowing a stream of air 
rapidly across the top of the straw lowers 


Fig. 9-21 


A homemade sprayer. 
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(b) 


(a) Making a low-pressure area; (b) 


Fig. 9-22 
the effect of streamlining. 


the air pressure inside the straw. The air 
on the surface of the water in the glass 
then pushes the water up the straw. When 
the water comes out at the top of the 
straw, the fast-moving air stream breaks 
the water up into a spray. This is the way 
an atomizer or insect and paint spray gun 
works. 

Obtain a piece of cardboard about 2" 
or 3" square. Hold the cardboard in front 
of a lighted candle (Fig. 9-22A). Blow 
hard toward the cardboard. The flame 
will move toward you. The air stream will 
be directed over, under, and around the 
card. This fast-moving stream around the 
edges of the card will produce a low-pres- 
Sure area behind the card. The air behind 
the flame then pushes the flame toward 
this low-pressure area and toward you. 

Now prepare a "tear-drop" shaped 
cardboard (Fig. 9-22B). Place the card- 
board in front of the candle and blow on 
the blunt side of the cardboard. This time 
the air flows smoothly along the sides of 
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the “tear-drop,” meets at the candle, and 
blows the flame away from you. If you 
blow very hard, the flame will be extin- 
guished. 

Point out that autos, trains, and planes 
are now shaped into this “tear-drop” de- 
sign. We call it streamlining. This helps 
to remove low-pressure areas, with the re- 
sulting “dragging” effect. Streamlining 
enables the air to flow smoothly along the 
sides and then away from the moving ob- 
ject. 


AIR CAN DO WORK 


Air is very helpful to us. The wind not 
only helps dry our clothes but also runs 
windmills. The electric fan keeps us cool. 
The auto fan helps cool the engine. 

When air is compressed, it can do many 
things. We have already shown how it “i 
be useful in caissons or diving bells. 
also enables deep sea divers to work far 
down in the water. Compressed air is also 
used in air brakes, submarines, tires, foot- 
balls and basketballs, door checks, a”! 
whistles. It is used to operate pnéúman 
tools such as the riveter, hammer, dri^ 
and sand blaster. 


Gusher 


The children might like to make ^ 
gusher using compressed air. Obtaln er 
soda bottle and a one-hole rubber stopP " 
to fit the mouth of the bottle. Push di- 
narrow tip of the glass tube from a v 
cine dropper through the stopper. Lu ha 
cate by wetting with water. Then attac A 
rubber or plastic tube to the large v è 
the glass tube. The rubber tube shoul o 
long enough almost to reach the boran is 
the bottle (Fig. 9-23). Now fill the bo » 
about half full of water and stopper 
tightly. Have a child blow as hard bis 
can into the bottle. When he senaever. g 
mouth from the top of the droppe™ au 
water gushes out of the tube. Point 


that the child blew air into the bottle and 
compressed it. When he removed his 
mouth and thus released the pressure, the 
compressed air pushed against the water 
and forced it up the rubber tube and 
medicine dropper. 

We have already seen what partial vac- 
uums and differences in air pressure can 
do. The soda straw, medicine dropper, 
atomizer, and spray gun operate because 
of these differences, as does the lift pump 
in a well. 


Siphon 


! The children will love watching a 
siphon empty a container of water for 
them, Obtain two large glass jars and a 
Plece of rubber tubing about 15-20” long. 
Fill one jar with water and place it on the 
table. Place the second jar on a chair, so 
that the empty jar is lower than the jar 
with water. Now fill the rubber tube with 
water. To do this make the tube U-shaped. 

lace one end of the tube under the fau- 
Cet. Let the water run until water flows 
Out of the other end of the tube. The tube 
1S now full of water. 

Pinch both ends of the tube tightly and 

ting the tube to the jars. Place one end of 
the rubber tube in one jar, and the other 
end in the second jar (Fig. 9-24). Now re- 
lease the ends of the tube. Water will flow 
from the jar on the table to the jar on the 
Chair, 

Point out that there is more water in 
the long arm of the rubber tube than in 
the short arm. Consequently, gravity pulls 
More on the water in the longer arm and 
the water runs out. As the water runs out 
lt leaves a partial vacuum in the rubber 
tube, with lower air pressure. The pressure 
Of the air on the surface of the liquid 
Pushes the liquid up the short arm of the 
rubber tube and over into the longer arm. 
n% this way, the water is transferred con- 

Muously from one jar to the other. 

If it is inconvenient to get at a water 


LE 


tube from 
medicine dropper 


ə 


rubber tube 


Fig. 9-23 A gusher fountain. 


faucet to fill the rubber tube, you can start 
the siphon another way. Simply place one 
end of the tube in the jar of water and the 
other end in the empty jar. Kneel down 
and suck the air from the lower end of the 
tube. This will create a partial vacuum in 
the tube, with a lower air pressure, and 
the water will begin to flow. 


Siphon fountain 


Try making a siphon fountain. Fit a 
glass quart bottle or flask with a two-hole 
rubber stopper. Through one hole insert 
the glass tube of a medicine dropper. 
Through the other hole insert a short 
piece of glass tubing that extends about 
an inch above the stopper. Connect two 


Fig. 9-24 Transferring water from one container 
to another with a siphon. 
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| from medicine 
dropper 


Fig. 9-25 A siphon fountain. 


pieces of rubber tubing to the glass tube 
and medicine dropper, as shown in the 
diagram (Fig. 9-25). One rubber tubing 
should be about 1' long, and the other 
about 3' long. 

Obtain two large glass jars. Fill one 
with water colored deep red with vege- 
table coloring. Put one rubber tube in the 
jar of colored water on the table. Put the 
other rubber tube in the empty jar on the 
floor. Pour a little water into the bottle, 
invert the bottle, and set it up as shown 
in the diagram. 

To start the siphon, kneel down and 
suck on the long rubber tubing until water 
begins to flow into your mouth. Quickly 
take the tube out of your mouth and drop 
it into the jar. A beautiful colored foun- 
tain will play up against the bottom ofthe 
bottle. If the fountain will not start, try 
putting a little less water to begin with in 
the bottle. 

Help the children understand that when 
the water runs down the long rubber tube, 
a partial vacuum is formed in the bot- 
tle. The air pressing on the colored water 
in the jar pushes the colored water up into 
the bottle. The colored water then runs 


146 THE AIR 


down the long rubber tube and the proc- 
ess is repeated. This keeps the fountain 


going. 


AIR IS EVERYWHERE 


We already know that air is all around 
us. However, the children may be sur- 
prised to learn that there is air in water 
and soil as well. 


In water 


The air is dissolved in the water. To 
show that water contains air, draw à glass 
of cold water from the faucet or drinking 
fountain. Let the glass stand in a € 
place for an hour or so. Tiny bubbles 9 
air will appear on the sides of the tumble: 

Heat some cold water in a beaker ove 
a hot plate. Bubbles of air will appear ae 
rise to the surface long before the we 
begins to boil. Heating the water, then, 
will drive off the air dissolved in it. | T 

Many animals and plants that one 
the water get their air directly from ii 
water. Fish have gills, which serve to ta et 
the oxygen from the water. Water lilies 
air from both the water and the air abo ir 
the surface. The surface leaves get the! s 
above the water. The underwater lea" 
get their air from the water. 


In soil ide- 

Soil also contains air. Fill a Pol 
mouthed glass jar about half full rel 
Then add water to it. Bubbles of air wi 
appear and rise to the surface. The air at 
originally present between the soil P 
ticles. 

There may be a few skeptics z 
remind you that water also contaira i 
Consequently, the air may have pil 
from the water rather than from ihe en 
If this happens, repeat the exper 
using cold water that has been rece 
boiled. Boiled water, on standing, W! 


who will 
air. 


ill not 


give off tiny air bubbles. All the air was 
driven off by the boiling. 

Place a building brick in a large con- 
tainer of water. Air bubbles will be given 
off. Point out that many materials are por- 
ous and contain air. 


AIR IS A MIXTURE OF GASES 


Air is a mixture of many gases. How- 
€ver, air is composed mostly of oxygen 
ànd nitrogen. Together these two gases 
make up about 99% of the air. Air con- 
tains about 21% oxygen and about 78% 
Nitrogen, 

The remaining 1% of the air contains 
Some very interesting gases. These in- 
clude carbon dioxide and the inert gases 
helium, neon, argon, xenon, and krypton. 
Helium is a very light gas used in dirigi- 
bles and balloons. It is also mixed with 
oxygen in place of nitrogen to make “arti- 
al used in hospitals and by deep 

ivers. Neon is well known to the chil- 
tin because of its use in colored electric 
Bn. Argon is used in electric light bulbs. 
he air in the bulbs is replaced with ar- 
EH Argon is not an active gas, and so 
*lps prevent the filament in the bulb 

E decomposing or burning away. 
e, air also contains varying amounts 
RE vapor, depending upon weather 
ticl lions. There are also tiny solid par- 
€s in the air such as dust and pollen. 


Oxygen 


so gen is necessary for burning. Wrap 
de * Soft wire around a candle and bend 
ree end of the wire so it will serve as a 

: andle. Obtain a large glass jar and a 
aia of glass or cardboard large enough 
ca Ser the mouth of the jar. Light the 
i and lower it into the jar. Then 
Ver the jar with the glass or cardboard 
quare. The flame will go out when so 
ub Oxygen is used up that it can no 
nger suppost combustion. Remove the 


T 


candle, light it, and lower it in the jar 
again. The flame will go out immediately, 
showing that without sufficient oxygen 
the candle will not burn. The gas re- 
maining in the jar is mostly nitrogen, 
though there are measurable quantities of 
carbon dioxide and water vapor—the 
products of combustion. 

Obtain a long narrow olive jar. Pack 
moist steel wool washed in detergent and 
thoroughly rinsed, firmly into the bot- 
tom of the jar so that it will remain in the 
jar when inverted. Now place the jar, 
mouth down, in a shallow pan of water. 
(See Fig. 13-2 in Chapter 13.) Then let 
the jar stand for a day or two. Have the 
children notice that the water has risen in 
the jar. Measure the height of the water 
and compare it with the height of the jar. 
The water will have risen one fifth up the 
jar. This means that the volume of water 
in the jar is about 20% of the total volume 
of the jar. This corresponds quite closely 
with the volume of oxygen in the air. 

Pull out the wad of steel wool and ex- 
amine it. Notice how some of the steel has 
become brownish. This is rust, or iron ox- 
ide. Iron combines with oxygen in the air 
to form this brown iron oxide. 

Many more experiments on the pres- 
ence of oxygen in the air, burning, and 
rusting are described in Chapter 17. 


Carbon dioxide 


Carbon dioxide is a colorless gas that 
can be very quickly and easily identified. 
When carbon dioxide gas is bubbled in 
limewater, the limewater becomes milky. 
Limewater, simple to make, can be pur- 
chased very inexpensively at the drug 
store. 

Place some limewater in a shallow dish 
and leave it exposed to the air for an hour 
or so. The carbon dioxide in the air com- 
bines with the limewater to form a thin 
milky crust. 

Pour some fresh limewater in a test tube 
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or narrow bottle. Place a straw in the test 
tube and bubble air from your lungs into 
the limewater. The limewater quickly 
turns milky, showing the presence of car- 
bon dioxide in the air you breathe out. (If 
this bubbling is prolonged, the water will 
clear again.) 

The children can make carbon dioxide 
out of simple household materials. Obtain 
a large pitcher. Put half a cup of baking 
soda into the pitcher. Now pour vinegar 
in a glass tumbler until it is half full. Fill 
the rest of the tumbler with water and stir 
thoroughly. Then pour the vinegar solu- 
tion into the pitcher. The mixture will 
foam, giving off bubbles of carbon dioxide. 
Hold a candle in the pitcher. The flame 
will go out. Carbon dioxide is used to ex- 
tinguish fires, since it does not support 
burning. 

Many more experiments on carbon di- 
oxide and its use as a fire extinguisher are 
described in Chapter 17. 


Water vapor 


Water vapor is in the air in varying 
amounts. Have the children recall the 
droplets of water that accumulate on the 
sides of a pitcher of cold water or a bottle 
of cold soda. Obtain a shiny tin can. Fill 
the can half full of water at room temper- 
ature. Make sure the outside of the can is 
dry. Now add several ice cubes to the can 
and stir. Soon a film of water will form on 
the sides of the can. Adding a little salt to 
the mixture of ice cubes and water will 
make the film appear much sooner. 

The film of water comes from the air. 
The air contains water vapor. When the 


CAPSULE LESSONS 


9-1 Show the class an empty bottle. Ask the 
class if the bottle is really empty. Lead into the 
question of whether or not air is real and occu- 
pies space. 

9-2 Ask the children to help you originate 
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air comes in contact with the cold sides of 
the tin can, the air cools and contracts. 
The cold air now cannot hold as much 
water vapor, because the air has con- 
tracted and become smaller. As a result, 
some of the water vapor condenses out on 
the sides of the can. 

There are many activities on condensa- 
tion of water vapor from the air as well as 
on evaporation of water into the air. These 
are well described in Chapter 18. Mate- 
rial showing the relation of the water va- 
por in the air to weather and precipitation 
is given in Chapter 7. 


Dust 


There is always dust in the air. To show 
this, either darken the room or take the 
children in a room that can be darkened. 
Turn on a flashlight or the filmstrip pro- 
jector. The children will see dust particles 
in the beam of light. A ray of sunlight will 
show this just as well. r 

Have one of the children ruffle his hair 
vigorously with his hands near the beam 
of light. Many more dust particles will ap- 
pear. Shake a child's jacket, sweater, 0T 
coat near the beam. Clap two chalkboar 
erasers together. Dust particles appear m 
each case. 

Let a sheet of white paper stand for sev" 
eral days in a quiet part of the room. Then 
examine the dust that accumulates on the 
paper. Examine the dust particles with a 
hand magnifying glass or with a micro" 
scope. The dust may consist of particles 
ash, fiber from clothing, pollen, plant 
spores, etc. How many kinds can the chil- 
dren identify? 


j ir has 
and set up an experiment to prove that alr 


weight. e 
9-3 Make a hole with a nail near the PO" 

tom of a small frozen juice can. Fill the ue 

with water. The water will start flowing oUt 


the hole. Now hold the palm of your hand 
tightly over the top of the can. The water will 
Stop flowing from the hole. Remove your hand 
and the water begins to flow again. Lead into 
a discussion of the air pressure and its effect on 
water. 

. 9-4 Manipulate a medicine dropper. Lead 
into the study of the effect of differences in air 
Pressure and their effect on water. 

9-5 Obtain a suction cup from a dart or 
Some other gadget. Lift an object with the suc- 
Hon cup. Use a sink plunger to lift a stool. Lead 
into the study of air pressure and partial vac- 
uums, 


9-6 Suspend two ping-pong balls side by 
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The stars and seasons 


A friend of one of the authors teaches 
first grade. In the year of the first Sputnik, 
the children wanted to study about the 
solar system, and the teacher had the wis- 
dom to let them. She was later looking 
through a collection of elementary science 
texts. There was little or nothing about 
astronomy in texts for children below the 
third grade. Yet here was great interest on 
the part of the children and a teacher will- 
ing to find ways to meet it. 

It is our experience that astronomy has 
a fascination for young children. They ask 
such fundamental questions as “What 
holds the moon up in the sky?” Your col- 
lege astronomy course probably is too ad- 
vanced to help you here. Perhaps you 
have been teaching yourself about astron- 
omy by skimming children’s science books. 
In any case you should avoid killing the 
child’s interest by giving a long detailed 
answer to the question. 

At one time the teaching of astronomy 
in elementary science was limited to learn- 
ing the names of constellations and their 
legends. This study does not go far enough 
today. Current interest in space travel and 
the ever-widening frontiers of space force 
us to go further. Even young children are 
intrigued by interesting facts to be learned 
about our neighbors in space. Some writers 
imply there is a lack of activities for chil- 
dren in the area of astronomy. We have 
found that the children’s interest and the 
possibilities of integration with experiences 
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in language, reading, art, and construction 
fully occupied all the time we could spare 
for the unit. 


THE SOLAR SYSTEM 


The sun, its nine planets and their 
satellites, and the planetoids, comets, and 
meteorites make up the solar system. Its 
name—solar system—derives from the dom- 
inance of the sun in size and mass 2$ 
compared to lesser members of the system. 
The solar system, we now know, is located 
toward the edge of the Milky Way galaxy» 
which is off the center of the universe © 
galaxies so far discovered through the 
giant telescopes. » 

However, this picture of the “heavens 
has not always been held as true. At oê 
time, the early peoples who lived near the 
Mediterranean Sea regarded the sea to be 
the center of the earth which, in turn, W4S 
thought to be the center of the universe 
And they therefore named the sea Middle 
of-the-World Sea. This attitude is erm 
in the world picture by the famous Ale 0 
andrian astronomer, Ptolemy (c. " 
A.D.), who believed that the earth was pe 
tionary and was the center of the univer. 
around which the sun, moon, and plane 
revolved. His view of the solar une 
called the Ptolemaic system, is ee 
Fig. 10-1A. Help the children to consi" 
how well he did with the available jh 
struments and information. With 0? $ 


PTOLEMY'S 
SYSTEM 


" 
Stars % 
revolve 


ca 10-1 (a) Ptolemy believed that the earth was the center o 
vá revolved around it; (b) Copernicus believed that 
€ earth, moon, and stars revolved around it. (From R. 


Brace & World, 1958.) 


e naked-eye observations might we 
àve noted all but the two outer planets? 
Our present-day knowledge could well 
"aen a little quaint tomorrow unless 
im too, are tolerant and understand- 
PP ai 1500 years later, the Polish 
ror aed Nicoluas Copernicus (1473- 
) revived a theory suggested by the 
reeks but abandoned under the tremen- 
Ous influence of Ptolemaic thought. 
“eo wrote (1540) that the sun— 
tl er than the earth—was the center of 
* universe and that the earth rotated 
wd in its revolution about the sun (Fig. 
-1B). He could not offer any proof of his 
YPothesis, and it remained for Johannes 
epler (1571-1630) and Galileo Galilei 
eee ee) to establish direct experi- 
"ge evidence of the truth of Coper- 
the ee In one of the exhibit cases of 
isa t. Wilson Observatory in California 
€o Pants copy of the journal of Gali- 
tion, he journal entries show his observa- 
tel Sof the planet Jupiter upon which i 
€ Scope was trained. Noticing Jupiter * 
ni ang changing position each successive 
a t, he realized that they were revolving 
u und the planet. By analogy earth and 
it enel and the other planets could re- 
Ve around the sun. 


COPERNICUS' 


SYSTEM P 
* BET a rS 
Ay Moon g 


E 


Jupiter 


Fixed stars 

x P A 
(b) 

f the universe and that the sun, moon, and 

the sun was the center of the universe and that 


Brinckerhoff et al., The Physical World, Harcourt, 


Children who will become acquainted 
with a model of the solar system should 
first be encouraged to learn that the whole 
system is in motion. They will grasp this 
fact if you start them off with a study of 
the earth’s motion in relation to the sun— 
that is, the rotation and revolution of the 


earth. 


The earth’s rotation 

Very young children can be led to ob- 
servations of such celestial phenomena as 
the sun’s apparent daily motion or path 
across the sky. At first you might draw 
their attention to the sun’s position in the 
sky during morning recess and again at 
afternoon recess. On a walk through the 
school, draw their attention to rooms with 
morning sun and those with afternoon 
sun. Encourage them to make similar ob- 
servations at home. This may be another 
opportunity for good home-school inter- 
action. Have the children notice their 
shadows on the playground at recess times. 
Mark the path of sunlight in your class- 
room. It may take several successive ex- 
periences until the majority of the class 
can point out the sun's path through the 
sky. 

At this point you are ready to develop 
the concept of direction. With young 
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children this should be limited to east and 
west. On a sunny morning, take the class 
out on the playground and point to the 
sun. Point east. Which way do the shadows 
point? Point west. 

Things are not always what they appear 
to be. Sky study may be children’s first 
real opportunity to check their senses 
against the accumulation of scientific 
knowledge. Little children are apt to state 
that the sun moves. And so it does appear 
in relation to them. You need not make 
categorical denial. Let the evidence ac- 
cumulate and speak for itself. This may 
take considerable time. Once children be- 
lieve that the sun moves in an east-west 
path, they are ready for another step. Use 
the moving train analogy to explain to 
them that it is really the earth that is in 
motion relative to the sun. A train sitting 
in the yards may appear to be moving as 
we pass it in another train. Have children 
recall that a train alongside appears to 
move backward when their train moves 
forward; if their train is standing still and 
a train passes, they will feel as if their train 
is moving backward. Point out, however, 
that it is really our train—the earth—not 
the sun which is moving. When children 
ride in the merry-go-round, stationary 
objects appear to be moving because the 
merry-go-round is turning. 

Shadows. Young children have a very 
Strong egocentric sense, even in regard to 
their shadows. 


Ihavea little shadow 
that goes in and out with me... 


Children sometimes draw shadow por- 
traits for a Mother's Day or Christmas 
present. By this we mean tracing the 
shadow cast by a profile of a child sitting 
in front of a projector lamp. Children will 
be equally interested in tracing a full- 
length shadow made outdoors in sunshine. 
Try doing some in the morning and after- 
noon as well as at noon and compare with 
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the child's actual size. Let the children 
discuss the possible reason why the child's 
shadow portrait is taller or shorter than 
his real height. If sunlight comes into your 
classroom, mark the edge of a shadow on 
the floor and check it at 10-minute inter- 
vals. The children will see that the shadow 
moves. Eventually they may understand 
that the position of a shadow continuously 
changes because the earth continuously 
turns in relation to the sun. 

Constructing a sundial. If the school 
flagpole stands free, watch the shadow it 
casts. In the morning the shadow points 
west, at noon, north, in the afternoon, 
east. You can make a giant sundial out of 
such a flagpole. Collect a jump rope and 
12 flat sticks the same size. Mark each 
stick with one of these numbers, 8, 9, 10; 
11, 12, 1, 2, 3, 4, 5, 6. At 8 A.M. measure 
a jump rope length or any rope length 
along the shadow cast by the pole and 
drive in the stick at the end of the rope. 
Do this every hour. By sundown you wil 
have a semicircle of sticks at equal inter- 
vals, much like half of a clock face. 

Another kind of sundial is made by out- 
lining a child's feet as he stands in the sun 
on the school sidewalk. At hourly intervals 
mark the direction of his shadow with 
lines radiating from the center where he 
stands. 

A more traditional sundial can be made 
of wood or metal, painted to withstan 
weather. The vertical or inclined rod that 
casts the shadow is called the gnomon. The 
base angle should be the same as the lati- 
tude of the locality where the sundial is t° 
be set up (Fig. 10-2). The hypotenuse 
should point to the North Star. Then yo" 
are ready to mark off the hours on the 
baseboard as the shadow falls. It may b€ 
advisable to experiment with cardboar 
models while calibrating the baseboar 
markings at the proper intervals. A ^ 
porary sundial can be made with a penc! 
stuck into a lump of clay. The Egyptians 


(b) 
rig. 10-2 (a) Sundial. The gnomon is a right 
wo The hypotenuse points north. Numbers in- 
icate hours. (From UNESCO Source Book for Sci- 
ence Teachers, UNESCO, 1956.) (b) A more elab- 
rate sundial, made with a metal wire or knitting 
Needle inserted into the base at the correct angle. 
he middle band is the time scale, divided into 24 
Mn, one for each hour of the day. The shadow of 
© rod on the scale tells the hour. (From UNESCO 


9urce Book for Science Teachers, UNESCO, 
1956.) 


used obelisks as gnomons for enormous 

undials in ancient times. 
th Night and day. It is our experience 
wa middle-grade children love to pore 
ti *r a globe of the world in their spare 
i Ask a child to mark the approximate 
Place where he lives with a small paper 
a On a match stick imbedded in a lump 
, Modeling clay. Set the globe on the 
ae sill in the noon sunlight. Give the 
ü Obe a half turn and the children will see 
Mes the flag is in shadow. Some will guess 
ies this means darkness at midnight for 
ir part of the world. Repeat, this time 


using quarter turns (90°) to signify six- 
hour intervals and a corresponding differ- 
ence in daylight. Some children may have 
traveled across the country and experi- 
enced different time zones caused by the 
earth’s turning. 

Pupils may want to make their own 
globes. These may be made from plaster 
of Paris and newspaper with a solid metal 
curtain rod as the axis. First obtain an 
apple box or one of a similar size. A pupil 
removes one side of the box as indicated 
and cuts a semicircular opening in one 
side as shown in Fig. 10-3. Use a compass 
or keyhole saw for cutting. The semicircu- 
lar hole should be 10-12” in radius to 
make a 20-24” globe. Set the curtain 
rod at the edge of the box to close the 
open semicircle. Secure the rod with 
staples loose enough to permit its rotation. 
Have a pupil wrap newspaper in the 
shape of a ball around the rod, using cord 
to hold the paper in place. Next mix 
plaster of Paris to a thick consistency by 
slowly adding water and mixing with a 
trowel or spatula. Apply the plaster by 
hand to the paper shape to form a roughly 
shaped ball. Allow this to set for 20 min- 
utes. Then slowly add layers smoothly by 
rolling the ball on its axis so that excess 
plaster is scraped off by the semicircular 
cut. A perfect sphere will form. Allow it to 
set for several days. Then mount the axis 
in a thick block of wood at an angle of 
2315?. The pupils may use water color 
paints to show continents, oceans, etc. 


staples 
curtain rod 


Fig. 10-3 Form for making globes. 
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Fig. 10-4 The effect of centrifugal force on the 
earth's shape. This is the same force that holds the 
water in a pail which you swing in an arc around 
your head. (From G. Blough and M. Campbell, 
Making and Using Classroom Science Materials in 
the Elementary School, Holt, Rinehart and Winston, 
1954.) 


Using different models let the children 
work out their own explanation of the 
earth's diurnal motion. 

One consequence of the earth's rotation 
is the slight flattening at the poles and the 
slight bulge at the equator. Recent IGY 
measurements show that the earth tends 
to bulge just below the equator.’ To illus- 
trate this, let the children paste and pin 
two paper loops as shown. Spinning the 
spindle on which the cork is mounted will 
flatten the poles and bulge the middle of 
the circle (Fig. 10-4). 

The concept of rotation will need to be 
reinforced by many experiences. For in- 
stance, young children can illustrate rota- 
tion by twirling around in space. A child 
might hold a light in his hand while an- 
other walks a globe in a circle about the 
light. 

If the room can be darkened, use a 
globe with a projector or large three-cell 
flashlight or gooseneck lamp as light 
Source. 

Let a child pretend he is the earth and 
face a lamp, though not looking directly 
at the light but just below it. Facing the 
light, his nose or where he lives is in full 
daylight as at noon. If he stands sideways, 
the light falls slantingly on his nose as in 
early morning or late afternoon. Standing 


‘In fact it is very slightly pearshaped, being 23’ 
wider just below the equator. 
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with his back to the light, his nose is in 
shadow as at night. 

Foucault's proof of rotation. In 1851, 
a little more than a century ago, the 
French physicist J. B. L. Foucault proved 
by a simple experiment that the earth 
really turns. Foucault hung a long pen 
dulum from the dome of the Pantheon 
a public building in Paris. Foucault’ 
pendulum seemed to swing in an arc, indi- 
cating that the earth rotated under it. You 
can see the same phenomenon in many 
public buildings where heavy lamp fix- 
tures are suspended by a long wire from 
the ceiling. Watch closely and you will 
see that the heavy weight at the bottom 
swings in a slight arc. It doesn’t swing 
straight. 

Use a C-clamp. Then glue or solder 4 
ball bearing to the inner surface of the 
jaw (Fig. 10-5). This will provide a free- 
swinging attachment for a long cord a? 
“plumb-bob” weight at the bottom. Mark 
the direction of the swing at the start a? 
note change of course after a few hours. 


free-swing™ 


Fig. 10-5  C-clamp attachment for à pier. 


weight. Many schools use C-clamps i 
construction or woodwork. (Redrawn from 


Source Book for Science Teachers, 
1956.) 


The earth’s revolution 

The fact that the earth makes an annual 
revolution about the sun is not directly 
perceived by our senses. Nor do we notice 
the tremendous speed with which the 
earth travels in its orbit, whirling along to 
cover over 500 million miles in 1 year! 
Both the speed of rotation and the speed 
of revolution are great. As the earth ro- 
tates on its axis, a person living at the 
equator moves 24,000 miles each day (since 
the earth’s equatorial waistline is 24,000 
miles). Approaching this as an elementary 
problem in division, the children can fig- 
ure out that the speed of rotation is about 
1000 miles per hour. (In northern latitudes 
we are rotating at the speed of about 800 
mph, even though we seem to be standing 
still.) In 1 hour, we move on our orbit 
66,600 miles in our annual journey about 
the sun. On this journey, our speed of 
revolution is about 18! miles per second. 
(To find the hourly rate, the children can 
multiply by 60 and again by 60 to arrive 
at the breakneck speed of 66,600 mph.) In 
One day, therefore, the earth whizzes along 
1,580,000 miles. 

The concept of the earth’s annual jour- 
ney and its orbit around the sun can be 
reinforced for children as they study other 
members of the solar system, the planets. 
5 he Concept of causes of seasons may also 

e reinforced as children learn about the 
TM and the change in star groups at 
ifferent seasons. 

Children can perform experiments to 
Show that the changes in daylight and 
dark and the changes of season are the re- 
Sult of the earth's revolution. 

Changing daylight. Children watching 
shadows over a period of days may notice 
the shift in position. To verify this or to 
bring it to their attention, make a hole the 
Size of a pencil in a piece of cardboard or 
Paper. Scotch tape the cardboard in a 
Sunny window where the sunlight will 
Come through the hole and fall on a piece 


> 


of paper on a shelf or window sill. Trace 
the outline of the shaft of light and record 
the time and date within the outline. Re- 
peat this daily at the same time and note 
the shift in the outline. 

Daily weather reports in the newspaper 
and almanac provide evidence of chang- 
ing daylight and dark. 

Charting the changing hours of day- 
light and dark is a useful and graphic 
illustration that helps explain seasons. 

Changing seasons. The seasons are 
the result of both the earth's revolution 
about the sun and the fact that the earth's 
axis is tilted at an angle (235^). First let 
the children illustrate the positions of one 
place (their locality) on the earth in rela- 
tion to the sun during the four seasons. 
Set up a gooseneck lamp (sun) and four 
apples (earth during four seasons). Mark 
your locality with a crayon, and put col- 
ored rubber bands around the apple to 
show the equatorial line. Place the apples 
at four points in a circle around the lamp, 
and tilt them; notice that the light strikes 
your locality at different angles during 
each season. 

Because of the earth's tilting on its axis, 
the angle that the sun's rays make with 
the earth at various positions in its orbit is 
different. A simple demonstration can 
show children how this determines the in- 
tensity of the sun's rays during seasons. 
Darken the room and point a large flash- 
light through a mailing tube directly at 
the blackboard or on the floor. Let the 
children trace the outline of the circle of 
light. Repeat at the same distance, but 
holding the light source at an angle to the 
surface. They will see that the oblique 
rays are much less bright and spread over 
a larger area than those pointed directly 
at the board or floor. If you have a photo- 
graphic light meter, compare readings in 
the two positions. In the same way when 
the sun is high overhead as in summer, it 
gives much more heat than in winter 
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-—- knitting needle 


-— tennis ball 


soup can 


: 


" len 
Fig. 10-6 Demonstration of seasons. For greater stability, screw a porcelain light socket to a wood 
base. A short-necked lamp can also serve as light source. 


when it describes a low arc in the sky at 
northern latitudes. Note the difference 
between a map of the United States at the 
angle ofsummer light and again in winter. 

Let the children develop ways to record 
differences in length of daylight and angle 
of the sun's rays. Using symbols to repre- 
sent the earth and a light source to repre- 
sent the sun sometimes confuses ele- 
mentary grade children. Often children 
do not make the connection between the 
models and the actual phenomena. Never- 
theless, direct observation may be re- 
inforced secondarily by the use of models, 

Whiten four old tennis or other balls 
with water paint or tempera, and mark 
the poles with knitting needles. You also 
want to sketch in roughly the continents 
on each of the balls. Set each at the earth’s 
approximate tilt on top of a soup canor 
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milk bottle to keep the ball from rolling 
Make a circle on the floor (Fig. n 
Place the light source in the middle of the 
circle. The light must be from an u? 
shaded lamp to simulate the sun anima 
in all directions. Place balls at four point 
of the circle so tilted to show the reete 
If you have a globe, set it at the earth’s à ji 
and move it about the light source, ea 
by showing how the sun’s direct rays sh! 
during the seasons. ge 
Bring in a toy house or doll hou " 
When the room is darkened, let the m 
dren use a flashlight to show the pa us 
the sun's rays as they observe it in t il 
own homes at different seasons. Ifa chi y 
holds the flashlight under the table, it jid 
help some children visualize that the $ 
is shining on the other side of the WOT 
when it is dark here. 


‘Compare a globe which is tilted to 23/2? 
with one which is not tilted. Help the 
children see that we would not have sea- 
sons if it were not for this tilting of the 
globe on its axis. 

Some children may think our summer 
Season is warmer because we are nearer 
the sun. Help them to understand why 
Australia and parts of South America 
have summer during our winter. In actu- 
ality the earth is more than 3 million miles 
nearer the sun in winter than in summer. 


The sun—our nearest star 


The kindergartener who observes the 
Sun is moving is not really in error. You 
have calculated that the earth moves in its 
annual orbit around the sun at the rate of 
about 66,000 mph. Scientists have esti- 
mated that our whole solar system is mov- 
ing at about 43,000 mph. While the earth 
rotates once a day, the sun rotates every 
A days. While the earth rotates about 

8% mps, the sun rotates 13 mps as it and 
We with it move along a huge path through 
the galaxy, 

Studying and watching the sun’s daily 
park will bring questions and discussion 
Tom the children. The sun is very big, so 

ig it could hold a million earths. If a 
citis of the earth had '4” diameter, the 
in 9n the same scale would be 27". The 
Ka 15 so hot it could boil steel easily.” It 
dive. bright you should never look at it 
mS sp It is warm enough to heat the 
it E € earth. In parts of the country where 
i nows, remind the children how quickly 
"i sun can melt snow. The sun isshining 

l the time. Even on a gray day, an air- 
Ta flying above the clouds is in sun- 
e And when it is night in our side of 
of. world, the sun shines on the other side 
shi the earth. It even makes the moon 

ine by reflected light. Can you imag- 
"The temperature of the sun is believed to be 


11,000° 
in es F at the surface and 100,000,000* F or more 
the interior, 


ine getting all your heat and light from 
a power plant 93 million miles off in 
space? For a discussion of the sun's light 
and the colors of its spectrum, see Chap- 
ter 16. 

Use an ordinary unshaded household 
light bulb to represent the sun. A pinhead 
across the room represents earth. The 
amount of light falling on the pinhead is 
roughly proportional to the amount of 
sunlight falling on the earth. Hold a ther- 
mometer for 2 minutes about 2' away 
from an unshaded light bulb. Check 
temperature. Repeat at 1’, and at 2". The 
relative distances at which you held the 
thermometer represent the relative tem- 
peratures of Pluto, Earth, and Mercury, 
in that order. 

Light years. The sun is our nearest 
star; yet it is 93 million miles away from 
us. By traveling at 50 mph it would take 
nearly 200 years to reach the sun. It would 
take about 12,000 earths in a row to cover 
the distance (about 3700 times the dis- 
tance around our equator). Light from the 
sun reaches us in about 8 minutes. Our 
next nearest star neighbor is more than 24 
trillion miles away. So many stars are still 
so much farther out in space that astrono- 
mers save time and trouble by using the 
term light year as a measure of distance. 
Light traveling 186,000 miles per second 
will travel about 6,000,000,000,000 miles 
in a year. This is 1 light year. At the 
speed of light we could cross the United 
States 75 times in 1 second! So we may 
find it more convenient to say that our 
next nearest star, Alpha Centauri, is 4 
light years rather than 24,000,000,000,000 


miles away from us. 


star light years from sun 
Vega 37 
Pollux 33 
Arcturus 40 
Castor 45 
Regulus 77 
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When Student A is in Position 1 


Cc B D 


When Student A is in Position 2 


When Student A is in Position 3 
ul 


Fig. 10-7 (a) A demonstration of parallax. As stude 


ent change in the position of student B in relati 
ence in the Elementary School, Holt, Rinehart a 


Parallax. Children sometimes wonder 
how astronomers measure distance to 
bodies far out in space. The method is to 
measure the apparent annual back and 
forth shift of stellar bodies. This phenome- 
non is called parallax. The parallax meth- 
od was first suggested by a Greek mathe- 
matician, Aristarchus (c. 250 B.C.), when 
he tried to measure the solar parallax 
directly by geometrical means. 

Let the children try a simple visual ex- 
periment in order to understand Aristar- 
chus’ brilliant concept. Cover one eye 
with your hand and look at the vertical 
lines of a nearby window frame against the 
light. Now cover your other eye. The lines 
of the frame will appear to have shifted in 
relation to the background. Of course they 
have not. What has changed is the angle 
of observation. To make it even clearer, 
Position pupils as in Fig. 10-7A. Student B 
is the one who seems to shift in relation to 
C-D as A moves. For older children you 
may want to measure the angles formed 
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Student C Student D 
Student B 
ak 

of Student A 


Position 1 


/ ET 
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Student A Student A 
N Position 3 Position 2 À 
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\ 
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E^ z^ 
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ar- 
nt A actually changes position, he notes an aPP?" 


à j- 
on to students C and D. (From R. W. Burnett, Teaching T 
nd Winston, 1953.) 


at positions 2 and 3 and the distance Y 
tween the two positions, and thus een 
show how stellar parallax leads to a me 
urement of stellar distances. le 
As we revolve about the sun, our gi 
of observation of the stars changes 5o Rom 
certain stars seem to shift in relation ee t 
stars near them (Fig. 10-7B). This tis 
can be measured, and from this the ion- 
tance can be computed by triangulat! ar 
To measure the distance to the su? s5 
moon, astronomers at observatories pne 
the world agree to measure at the $ the 
time the angles of their lines of sight p 
center of the sun's or moon's disk. hem 
compute the distance between t ver 
(straight line through the earth, jp cie 
its surface). With this distance for a sa 
line and the angles of their observatio”: 
two angles ofa triangle, they compute 
solar distance geometrically. 6 
To measure distances to the Ho 
Star’s apparent position in relatio die 
nearby stars is photographed and st" 


Nearest Distant 


Earth's star 


Orbit 


(b) 


(b) Stand about 20' away from a blackboard. Hold a ruler between the forehead and the index finger. 
Close one eye and sight across the fingertip to one end of a 50" horizontal line on the blackboard. With- 
Out moving, use the other eye. Ask someone else to mark on the horizontal chalk line the point lined up by 
Your "second look." Erase the remainder of the chalk line. Measure the distance between the eyeballs. 
This is usually about 2V2". Use this figure as divisor, the remaining chalk line as dividend. The quotient 
should work out to be the approximate distance between the blackboard and the observer. (From General 
Science Handbook, Part Ill, New York State Education Department, 1956.) 


—— 
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(c) 


(c) Determination by means of parallax of the distance to a star. (From R. W. Burnett, Teaching Science in 
the Elementary School, Holt, Rinehart and Winston, 1953.) 
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Earth's shadow 


Moon's orbit 


Earth's orbit 


Moon's orbit — 


(b) 


Fig. 10-8 
Brace & World, 1958.) 


under magnification. Six months later 
when the earth is on the opposite side of 
the sun, the star is again photographed 
and studied. Microscopic measurements 
will now show that the star has apparently 
moved in relation to the stars nearest it in 
the pictures. Again, knowing the angles of 
observation, the length of the baseline 
(186,000,000 miles—diameter of earth’s 
orbit), and the angular displacement of 
the star in question, astronomers compute 
a triangle (or two right triangles) that will 
determine the star’s distance from the 
earth (Fig. 10-7C). 

Solar eclipses. A few times during 
one’s lifetime one may see an eclipse of the 
sun. A total eclipse lasts only 7 minutes. 
Birds and animals act just as though it 
were night and start to go to bed or wake 
Up, as the case may be. Scientists are al- 
Ways interested in an eclipse because it 
gives them a chance to study gaseous 
eruptions from the face of the sun. Some- 
times these are 3000 to 4000 miles high. 
By studying the colors of gases in these 
solar prominences, scientists have identi- 
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Eclipse 


Moon's shadow 


rt, 
(a) Lunar eclipse; (b) solar eclipse. (From R. Brinckerhoff et al., The Physical World, Harcov! 


fied the elements in the sun. As you dis 
cover by experiment with flame tests 
(Chapter 12), elements have character" 
istic colors when heated. Elements in the 
sun are the same as many found on earth. 
For this reason scientists think that the 
earth was once part of the same materi 
that made up the sun. Present piam 
speculates that the solar system "iei 
huge gas and dust cloud which gradua n 
condensed under gravitational stresses 
form the planets and the sun. A 
A solar eclipse occurs when the mo n 
comes between the earth and the Thé 
This happens at least twice a year. » 
shadow of the moon is round like that 
the earth, but smaller. The area of = 
shadow is called the umbra; the area 
partial shade is called the penumbra- ý 
umbra is about 240,000 miles long 000 
cone-shaped. Since the moon is d 
miles away, the tip of its shadow eat 
barely reach the earth. It is never n 
enough to cover a spot more than ea- 
miles in diameter on the earth—one dee 
son why we see a total eclipse so 1P. 


quently. Let the children use an unshaded 
light to represent the sun, a tennis ball for 
the moon and a small globe. Let them 
work out relative positions of these three 
objects to illustrate both solar and lunar 
eclipses (Fig. 10-8). Because solar eclipses 
are rare, astronomers will travel thou- 
Sands of miles to see one. They always 
hope weather conditions will allow them 
to study the corona. This circle of light 
round the sun is visible above the rim of 
the eclipsing moon. Most almanacs give 
dates and areas where eclipses may be ob- 
Served. For example, July 20, 1963, 
Maine, late afternoon; March 7, 1970, 
Southeastern United States; February 26, 
1979, Idaho and Montana; August 21, 
2017, entire United States. Even during 
an eclipse you should not look at the sun 
except through film negative or dark 
Slasses. Near the edge of the moon’s 
shadow you may be able to see a reddish 
ring. This is the chromosphere, the col- 
?red layer of gas close to the sun. 

Let the children hold a small disk or 
"oin a few inches in front of them. Squint 
One eye and sight with the other. Hold the 
Coin in the line of sight between your eye 
“nd a ceiling light so that the coin com- 
Pletely hides the light. The coin represents 
ilia moon and the ceiling light represents 
E * Sun. Other children will note that the 

on casts a shadow on the eye of the 
Viewer, 
A more elaborate demonstration of a 
ar eclipse involves the use of a card- 
"rd box, a light bulb, and stiff wire or a 
maale Spoke. A small wooden or clay ball 
the ated on a knitting needle represents 

* moon (Fig, 10- 9A). . 

ake a 2" circular hole through a piece 

Cardboard painted or colored black. 
ur à red crayon mark around this hole 
i "Cpresent the corona. A light bulb shin- 
€ through the 2” hole is the sun. The 
ot Ona cannot be seen until the "moon 

ally eclipses the “sun.” The wire is used 


Sol, 


(b) 


Fig. 10-9 (a) "Solar eclipse." The viewer should be 
at the right, looking through one of the small holes. 
The light source representing the sun should be at 
the left end of the box. The red corona is around 
the large circle at the left end of the box. (From 
UNESCO Source Book for Science Teachers, 
UNESCO, 1956.) (b) The entire solar disk, showing 
sunspots, and an enlargement of the great spot 
group of April 7, 1947, taken at Mt. Wilson Ob- 
servatory. (From the AMNH.) 


to adjust the moon’s position with relation 
to the viewer and the sun. The eclipse is 
viewed through one of the pinholes made 
in the cardboard behind the ball that rep- 
resents the moon. Read aloud the story of 
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how the “Yankee in King Arthur’s Court” 
saved his life, thanks to an eclipse. 

Observing sunspots. If you have a 
simple telescope, point it at the sun and 
focus so that a bright clear image of the 
sun appears on a white paper placed a 
short distance beyond the eyepiece. (Un- 
der no circumstances should you look at the sun 
through a telescope.) If you do this during a 
time of sunspot activity, you may be able 
to see images of sunspots reflected as small 
dark blobs on the paper. Sunspots come 
and go on the sun’s surface. Astronomers 
make systematic observations and records 
of them (see Fig. 10-9B). 


The moon 


Even young children who go to bed 
early can see the moon in the daytime. 
Sharpen their observations by asking if it 
has the same shape as the sun. Is it smaller 
or larger? Which looks bigger, a penny 
held close to your eye or one held at arm's 
length? A bird flying low overhead may 
look bigger than a plane in the distance, 
but which one is really bigger? Which is 
brighter, the sun or the moon? Let the 
children compare the light from a very 
small flashlight and a large one in a dark- 
ened room. Sunlight is always bright 
enough for reading, moonlight rarely. 
Moonlight is of course “secondhand” (re- 
flected) light. In a darkened room, let the 
children look at a picture or book by 
lamplight. Then use a chalk smeared mir- 
ror and control the light source so that 
they look at the same material by reflected 
light. Which is brighter, direct light or 
light reflected from a rough surface? 
Which is warmer? 

Phases of the moon. Young children 
will notice that the moon changes shape. 
Ask the children to draw or cut out the 
shape they see. The first time they will 
probably have very different ideas. Or 
prepare a set of cutouts, ranging from a 
thin crescent through quarter and half 
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moon up to a full moon. They may pick 
out the shape they saw. Then let them ar- 
range these in order. They are beginning 
to gain a concept of the waxing and wan- 
ing moon. Make a picture record of the 
moon's phases on different dates. Make 
cutouts of the local skyline to help chil- 
dren relate the pictures to their environ- 
ment. 

Depending on the age and maturity of 
the group, the children may profit by 
demonstrating the phases of the moon 
with balls, papier máché models, held in 
relationship to a light source. A play- 
ground ball scrubbed clean or painted 
with yellow water paint works well. All of 
the lunar phases can be shown. 

Another method requires an old tennis 
ball and a steel knitting needle or piece of 
stiff wire. The needle or wire is the axis for 
the tennis ball moon. Let a child stand 
with his back to a strong light source such 
as a projector lamp. Holding the ball at 
arm's length, the child revolves slowly 
eastward (earth's motion). Thus he will 
see the shape of moon shadow change 25 
the earth changes position in relation to It 
(Fig. 10-10). 

Let children who have a pencil-bo* 
compass impale a small fruit or ball on the 
point and revolve it about themselves 1? 
relation to a light source. 

Another method to demonstrate phases 
of the moon to a group of children m 
volves setting a globe on a box in front E 
a light and letting one child hold a sma 
ball suspended by a string from the € rs 
a ruler or dowel rod (Fig. 10-11). Tu. 
represents the moon. Watch the “moon 
from the direction of “earth” as it is an 
slowly around the globe. (Incidentally 2 
can also be used to demonstrate the ps 
ture of eclipses—lunar and solar.) 

Or try making a large chalk c 
the floor. Darken the room and ! 
child hold a clean white playground a 
another a strong flashlight. Let the res 


ircle 0? 


the class sit on the floor in the middle of 
the circle while the child holding the ball 
walks around the circle. In this manner 
the seated children in the center get an 

earth’s-eye” view of the moon moving 
about them. 

Motions ofthe moon. Demonstrations 
with lights and balls should never take the 
place of actual observations of the moon. 
The children will tell you that the moon 
moves like the sun. It rises in the east and 
sets toward the west. Suggest they note the 
position of the moon with respect to the 
nearest bright star and watch over a pe- 
riod of days how it moves in relation to 
that star. They will find the moon really 
moves eastward. It is the earth’s rotation 
Which makes the moon appear to move in 
a false direction. Some children may have 
the misconception that the moon does not 
Progress during the daytime. Let three 
children act out the moon’s two motions as 
€arth moves around the sun. Since the 
™M0on’s speed of rotation and revolution 
are the same (28 days), it always presents 
the same side to us. This slow rotation 
Means long days on the moon; i.e., about 

moon day equals 15 earth days, 1 
E night equals 15 earth nights. To il- 
rate how the moon makes just one turn 


Fig. 10-10 Illustration of the moon's phases. 
Challenge the class with the question, "What 
could you show about orbits with a ball and a 
light?" Accumulate enough spheres and lamps for 
children to work in small groups. Pool results and 
draw generalizations about the movements of 
celestial bodies in orbit. 


(rotation) as it travels around the earth 
ask the school custodian to lend you his 
“dolly” for moving heavy objects. Lacking 
a “dolly,” you might borrow a child’s 
wagon. Let one child draw another 
around the room. The child riding should 
be facing out. While circling the room, he 
has turned around (rotated) once, has he 
not? If he faces in while being drawn 
around in a circle, he will always keep his 


Fig. 10.11 


Another method of demonstrating the moon's phases. This is one of a related group of in- 


Wi i : 
“stigations through which children gradually develop a concept of the movements of the solar system. 
cha concept is basic to understanding the causes of seasons. 
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face to the center of the circle while mak- 
ing one rotation. 

Surface of the moon. Some children 
may have been told to look for The Man 
in the Moon.” The apparent face is caused 
by shadows cast by its mountains and 
craters. Looking at the moon through a 
telescope or even through binoculars will 
show that the moon's surface is very 
rough. Let the children make clay balls 
with deep holes in the surface. Shine a 
strong light across the balls and the chil- 
dren will see how the resulting shadows 
assume all kinds of shapes. Astronomers 
have found there are high mountains on 
the moon by measuring the shadows cast 
by the mountains. 

Not many years ago books told us that 
we would never see the other side of the 
moon. Now the Russians have photo- 
graphed it by TV camera. The possibility 
of traveling to the moon is coming closer. 
Astronomers are collecting information 
about the moon so that earth visitors can 
land there safely. The first moon visitors 
must bring their own oxygen supply be- 
cause there is none on the moon. They will 
need protection from the extreme heat 
and cold of the moon's bare surface. They 
will need special training for moving 
under condition of low gravity. A 72- 
pound boy would weigh about 12 pounds. 
He could easily jump a height of 24’. Act- 
ing out conditions on the moon would pro- 
vide excellent motivation for research 
reading and listening. 

Size and distance of the moon. Chil- 
dren find many facts about the moon 
which are related to its size and distance 
relative to the earth. For example, you 
could put about 50 moons inside the 
earth. The moon's diameter is '4 that of 
earth (2000/8000). The moon is 240,000 
miles away from earth—10 times the 
earth's circumference. It is our nearest 
neighbor in space. That is, of course, why 
Scientists are thinking of "shooting the 
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moon." You may want to look at the 
Popular Science filmstrip Rocket to the Moon 
or the Harbrace Neighbors in Space. 

The sun is 388 times farther away from 
us (93,000,000 divided by 240,000). Let 
the children find a place they know which 
is about 400 miles away. If the sun were 
located there, then, proportionately, the 
moon would be about 1 mile away. 

Apparent distortion of the moon. The 
moon, like the sun, usually looks bigger 
when it is just rising or setting. They look 
big in comparison to objects on the sky- 
line, and look smaller when they are high 
in the sky. This is a good example of opt 
cal illusion (see refraction, Chapter 16). 
Let children check by sighting (Fig. 10-12)- 
Bend a paper clip so that it fits gu 
yardstick, and holding the stick beneat 
the eye, slide the clip until its prongs eB" 
compass the moon. Do this when the 
moon rises and also later; compare the 
two sightings. Again, the moon and sun 
look redder when close to the horizon 
There are always dust particles in the air 
When we look at the moon or sun close ed 
the horizon, we are looking through [o 
dust than when we look overhead. T 5 
dust particles absorb most of the coe 
that make up light; only the red ray 
penetrate. 

Lunar eclipses. 
manipulation of balls, lights, and 


eclipses have already been suggest. 
From such activities the children may “fot 
develop understanding of the cause? 
lunar eclipses. They may now under 
why the moon can be eclipsed only W the 
it is full. A solar eclipse must fall ne 
dark of the moon. They may well mi ce 
solar and lunar eclipses do not occur s 

a month. From the start, the limitation do 
models should be made clear; i.e t^ sit- 
not present a wholly true picture ofthe 
uation. For example, the relative $ 
distances of sun, moon, and eart 


é n 
izes 2 
uld 


sight moon Ow 


through clip 
Paper i 
clip 
3 
7 s 
I” 
yardstick 


Fig. 10-12 Sighting the moon. This investigatio 
the need of verifying appearance vs. reality. (Red 
State Education Department, 1952.) 


be hard to demonstrate. Therefore the 
proportions of the actual shadows cast are 
much narrower and smaller than would 
appear from working with models. For ex- 
ample, the moon’s shadow never covers 
more than a spot 160 miles in diameter 
during a solar eclipse. However, it can be 
shown with models why lunar eclipses oc- 
cur more often than solar eclipses— 
namely, the earth casts a much larger 
shadow than the moon. Again, the al- 
manac should give dates for lunar eclipses. 
The full moon looks dark red when in 


Fi 
Wa 10-13  Demonstratin 
the beam of a flashlight. 


n is one of many we should use with children to illustrate 
rawn from General Science Handbook, Part Il, New York 


total shadow (“moon turned into blood,” 
Joel 2:31). Another factor which pre- 
vents more frequent lunar eclipses is the 
difference between the plane of the earth’s 
orbit and that of the moon’s. The plane of 
the moon’s orbit is inclined 5° to that of 
the earth’s, and so only occasionally does 
the moon happen to pass through the 
earth’s shadow. Mounting balls of clay on 
the ends of stiff wire as in Fig. 10-13 and 
holding them in the beam ofa flashlight is 
a simple way to demonstrate eclipses and 
the influence of different or vital planes. 


balls of clay on 
sharpened pencils 


g eclipses and the influence of different or vital planes by holding clay balls 
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string 


Ellipse 


Fig. 10-14 Drawing an ellipse. The elliptical or- 
bits of planets and satellites, natural or artificial, are 
important for children of the space age to ‘learn 
by doing.” Call attention to the triangle within the 
ellipse. See parallax (p. 158). (From General Science 
Handbook, Part Il, New York State Education De- 
partment, 1952.) 


Lunar proverbs and superstitions. A 
study of the moon is not complete without 
some study of the folklore about the moon. 
See Bartlett’s Dictionary of Familiar Quota- 
tions for sources in the literature, Bio. 
Shakespeare. 


The planets 


Very early in man's history, sky watch- 
ers noticed that certain celestial bodies re- 
mained in approximately the same part of 
the sky night after night, while others kept 
changing position. Sometimes these ap- 
peared to go backwards, and were thus 
called “planets” (wanderers); the station- 
ary points of light are stars. Even without 
the aid of telescopes, the ancient astrono- 
mers were able to see and observe the mo- 
tions of the five planets nearest the sun. 
These they called Mercury, Venus, Mars, 
Jupiter, Saturn. Mercury, being nearest 
the sun, is less often visible, and being 
smaller, it is harder to see. The three outer 
planets, Uranus, Neptune, and Pluto, can 
be observed only through telescopes. Pluto 
was not discovered until 1930, when it 
was located by the American astrono- 
mer, Percival Lowell. His observations of 
the behavior of Uranus and Neptune led 
him to suspect there must be another 


planet “out there” that was disturbing 
their motion. 


166 THE STARS AND SEASONS 


There is a definite family resemblance 
among the planets. All of them are 
spheres, spinning on their own axes. All 
travel in elliptical orbits around the sun. 
All are made from the same group of ele- 
ments. All of them follow a definite pat- 
tern of spacing in their orbits except for 
the space between Mars and Jupiter. A 
German astronomer, Bode, noticed the 
gap in this pattern and concluded that 4 
planet was missing. In the search for the 
"lost planet," an Italian astronomer M 
1801 discovered Ceres—a tiny “planet 
oid” less than 500 miles across. Since then 
more than 1500 planetoids have bee? 
found in this region. Such minor planets 
or planetoids are often called asteroids. 

Orbits. The nine planets move 1n dl 
bits which are all approximately on p 
plane. Illustrate the plane of orbit T 
swinging a weight at the end of a tt 
In first studying the sun's family W! s 
young children, it is appropriate to m2 ü 
a chalk reproduction of the Copernica 
system on the classroom floor. (See Pg 
10-1B.) With older children, the Pe% 
step would be to learn that the peti 
the planets are slightly elliptical. Let yo 
dren practice drawing an ellipse with s. 
aid of a loop of string and two pins 6; 
10-14). The relative sizes of these ? i 
should be developed at a later stage 
the study. t 

By dramatic play, little children act 6^ 
the basic concepts of orbits and npe 
the sun and its planets. For instance 
a child to walk to the classroom uc 
will see that his feet leave no mark. EV or 
day children move in and out of the der J 
yet they leave no visible path on the the 
Then ask one child to sit or stand 1? un: 
center of the room. This child is the § d 
Another child—the earth—walks a 
the first. Then, depending on the ag? the 
mental maturity of the childrem (ic 
teacher gradually adds to the dean are? 
play. Whereas the first time the ch! 


rbits 


Table 10-1 
The solar system 


planet diameter! distance from sun revolution number 
(in miles) (in millions of. miles) in orbit of moons 
Mercury 3000  (W") 36 3 months 0 
Venus 7575  (W") 67 8 months 0 
Earth 8000 (1^7) 93 1 year 1 
Mars 4915  (W") 141 2 years 2 
Jupiter 88,000 (11^) 483 12 years 11 
Saturn 75,000  (9") 886 29 years 9 
Uranus 31,000 (4^) 1786 84 years 4 
Neptune 33,000 (4'2””) 2792 165 years 1 
Pluto 3000 2”) 3680 249 years 0 
Sun 864,100 (108") 
Moon 2160 (4^) 
" = 8000 mi). 


iF; 
i 1 " , 
gures in parentheses are diameters of scale models (1 


er in pairs, playing sun and earth, 
third vies they may work in threes, the 
tuall : a. representing the moon. Even- 
Sey € children may play at being the 
on of sun and nine planets. In 
tion Fabel the concepts of orbit and mo- 
and o € teacher relates it by discussion 
ieee d observation to the earth’s 
Son, ion in orbit and the change of sea- 
t oe children enjoy choosing one of 
à anets and making a special study of 
the uar may like to work in teams to do 
Cessary reading and writing, art, 
i lease on their planet. They 
p ime EN information about their 
win 5 given in Table 10-1. 
f the s A sizes. Building a scale model 
ence ed system provides good experi- 
ucin, T reading large numbers and re- 
clay e. em to scale. Some teachers make 
lige, a a formed around a paper clip 
String i ed at the end of a string. Each 
Ung E eventually suspended from a wire 
tica eee a room. We find it more prac- 
Ut to make paper or tagboard disks cut 
its “4 "am of a 27" sun or, if space per- 
of the sun. Proportionate diameters 
ere pease are listed in Table 10-1 
€ sun is shown as 108” (9^). You 


Can 
re s > 
duce or increase these proportions 


to suit your purposes and facilities. For in- 
stance, a 27” sun would reduce all the 
proportions to one fourth of those listed. 
Using these paper patterns, next blow up 
balloons to the right size. For the sun we 
use a large meteorological balloon usually 
available at army surplus stores. Some 
teachers like to use these balloons as forms 
over which to mold papier mâché models. 
When the papier-mâché is dry, the bal- 
loon is deflated. Either the balloons or the 
light papier-mâché balls are easy and safe 
to hang overhead in the classroom. 

The sun is so enormous with respect to 
its planets that one can usually show only 
a segment of it if the smaller planet mod- 
els are to be seen. 

Relative distances. With respect to 
relative distances between the planets, the 
enormous distances between the four 
outer planets make them difficult to in- 
clude in a correct reduction to scale of 
these distances. The usual schematic dia- 
gram of the planets often gives a distorted 
idea—namely, that the planets move in 
concentric rings spaced at regular inter- 
vals. By examining Table 10-1, you will 
see that the four inner planets are rela- 
tively close to the sun. The outer four are 
really in the outfield. No scale model of 
the solar system “tells a true thing” unless 
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it shows this wide gap between the inner 
and outer four. 

Most scales of linear planetary models 
do not give children any sense of the 
enormous distance in space, one of the 
important concepts of any astronomy 
study. If you use a scale let 1’ equal 1 
million miles. If you measure interplane- 
tary distances on the playground and be- 
yond, your children come closer to the 
concept of space than if you try to meas- 
ure the distances in the classroom. The 
whole activity will be smoother and more 
effective, and you will have some excel- 
lent reasons to use arithmetic if the dis- 
tances are measured ahead of time. Col- 
lect kite string and yardsticks or, if possi- 
ble, 50’ tapes. Let the children show you 
they know how to wind and unwind one 
of these tapes without snarling it. Let the 
children work in teams, using the hall- 
way to measure the amount of string 
necessary, say, to show the distance from 
Venus to Mars. It takes much less work 
and string to measure this distance than 
to measure the distance from the sun 
each time. Show the children how to 
wind their string around a folded news- 
Paper or box core. 

Start at the nearest corner of the play- 
ground. Leave one child here to represent 
the sun. The Mercury team stretches its 
36’ string out from the “sun,” and one 
child remains at the spot where the string 
ends. The group continues outward on the 
diagonal for greatest distance. By the time 
the Jupiter team has measured off the cor- 
rect distance, the children will see that 
the four outer planets are well beyond 
the playground. In view of this you may 
only have pre-measured distances as far 
as Saturn. At this point, ask the class to 
turn and see how far off and small the 
children marking the sun and inner 
planets appear. The children may sug- 
gest that the other planetary distances be 
measured by means of a car with paren- 
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tal cooperation. The children may also 
wish to hold their size scale models as 
they stand in position. 

In addition, the children may want to 
make a mural to illustrate relative dis- 
tances in the solar system. Using a scale of 
about 6” as the distance between Earth 
and the sun, Pluto would be about 20 
from the sun. A strip of mural paper about 
8 yards long should be about right. Some 
first graders had a wonderful time making 
a Milky Way by spatter painting on their 
sky mural. The children will want to 1n- 
clude the planetoids, Jupiter’s moons, Sat- 
urn’s rings, the canals on Mars, phases of 
Venus, and so forth. Adding a comet will 
provoke research and discussion to ex- 
plain why the tail always points away 
from the sun. Using a light source for the 
sun, a small ball for Mercury, and a globe 
for Earth, let them figure out why we sel- 
dom see Mercury except close to sunrise 
or sunset. 

If there are enough boys in class who 
own toy electric trains, they can set them 
up in concentric ellipses with each trac 
representing an orbit and each train 
carrying the name of its planet. 
speeds of the planet trains should E: 
roughly adjusted to the year length fo 
each planet (see Table 10-1). j 

An almanac can be a very useful tool 
astronomy. It gives a timetable for t 


"m i 
visible planets: Mercury, Venus, apt 
Jupiter, Saturn. Sometimes n The 


morning, sometimes evening “stars.” 
almanac will tell where to find them an 
when. 

Children ofte” 
r planets: 
ly answet 


Life on other planets. 
raise the question of life on othe 
Their own research will eventual de 
their questions. In capsule form, ue 
ing to our present knowledge, Mercury too 
no atmosphere. The distant planets din 
cold and too small to hold an atmosP as 
There is no evidence of oxygen 9n d 
Mars's atmosphere contains CO: 


L 


traces of oxygen. It should be able to sup- 
port plant life. Jupiter's atmosphere in- 
cludes ammonia and methane gases 
which would be poisonous for humans. 
There has been much speculation about 
life on Mars but no one knows for sure. 
Perhaps with larger telescopes or observa- 
tions from space satellites, we shall come 
Closer to finding out. The possibility of life 
as we know it on Earth being duplicated 
on Mars is highly doubtful. 


Comets, meteors, and meteorites 


Comets and meteorites also travel 
around the sun along with the rest of its 
family. 

Comets. Whether a comet is ap- 
Proaching or going away from the sun, the 
tail is always pointed away from the sun. 
The tail does not show until close to the 
Sun. The tail is composed of gas so thin 
that Earth and other planets have passed 
through without effect. The heavier the 
Particles of gas, the more curvaccous the 
tail of a comet. “Comet” means “long 
haired” in Greek. The tail is longest when 
the comet is nearest the sun because the 
Sun’s light pushes gases out of the comet’s 
head. The pressure exerted by light on the 
Comet’s gases creates an effect much like 
Wind blowing flame away from a fire. Most 
Comets are small, but some have heads 
thousands of miles across and tails millions 
9f miles long. Like the tail, the head ofa 
Comet is made of particles of dust and 
Bases, 

Over a thousand comets have been 
Seen, some regularly. Few are visible ex- 
Cept through the telescope. The most fa- 
mous is Halley’s comet. The English as- 
‘ronomer for whom it is named studied 
this comet in 1682 so thoroughly that he 
Was able to predict its orbit and return— 
Once every 75-76 years. It will provide 
Bood arithmetic practice to calculate its 
return on schedule, 1758, 1835, 1910, and 
its next appearance, about 1985. 


Meteors. How can you tell a comet 
from a meteor? A meteor makes a sudden, 
thin streak of light across the sky as it falls. 
A comet shows as a steady streak of light 
during the nights it is visible. Almost 
everyone has seen a “shooting star" and 
enjoyed its brief display. These are mete- 
ors, not stars at all. Meteors are much 
more common than comets, and as many 
as five to ten meteors per hour are visible 
to the naked eye at night. Meteors, the 
smallest members of the sun's circus, are 
caused by tiny fragments of stone or metal 
striking the earth's atmosphere and burn- 
ing up by friction as they plunge to earth. 
They then fall as dust. 

Meteorites. Some solid particles get 
through the atmosphere without being 
totally consumed. Such solid particles are 
called meteorites, and many land on the 
earth. These odd-shaped lumps often re- 
semble burned-out cinders. Some are 
much heavier than coal, however, because 
they consist mainly of nickel, iron, and co- 
balt; others are of lighter materials and 
are called stone meteorites. 

In the American Museum of Natural 
History in New York you can see the 14- 
ton meteorite which fell near Willamette, 
Oregon. Here also is the 36-ton meteorite 
brought from Greenland by Admiral 
Peary. The Eskimos called it Ahnighto 
(the tent). They used fragments of it to 
make metal arrow points and tools. 

At one point about a mile south of U.S. 
Highway 66 in Arizona is a crater about 
% of a mile across. Meteorite craters look 
exactly like those we see on the moon. 
Some believe this one was made by a giant 
meteorite which buried itself so far below 
the surface that it has not yet been found. 
Cedars growing around the rim have been 
found by tree ring dating to be over 700 
years old. 

Recently aerial explorations in north- 
eastern Canada revealed the Chubb mete- 
orite crater, 2⁄2 miles in diameter. It con- 


THE SOLAR SYSTEM 169 


= 
Thousands of light years 
50 25 


Fig. 10-15 The Milky Way. The rela- 
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tively minor position of our huge solar 
system within our galaxy is a humbling 
0 piece of essential information. (From R. 
Brinckerhoff et al., The Physical World, 
Harcourt, Brace & World, 1958.) 


j i solar system 
— 0 
tains a lake 2 miles across. In 1908 a me- 
teor which landed in Siberia burned the 
forests for 25 miles around. 

Children can see meteorites on almost 
any clear night, but especially during the 
Perseid meteorite showers about August 
11th, and the Leonid meteorite showers in 
November. A monthly star map usually 
tells when the earth will pass through such 
areas of meteorite activity. 

Children who have done no thinking 
about friction may not understand how a 
chunk of black inert meteorite could once 
have been bright and shining. Let them 
rub their hands together first slowly, then 
fast. Which generates the most heat? Jet 
pilots have refrigerated cockpits to coun- 
teract heat of friction due to high speeds. 
The thousands of tiny rocks pulled around 
by the sun's gravity meet earth's atmos- 
phere at 20-40 miles per second. They be- 
gin to burn or glow about 100 miles up. 
Most of them turn into gases before they 
ever reach the ground. The few which are 
not entirely burned up are full of holes just 
like a furnace clinker. It is hard to im- 
agine a heavy piece of black rock being 
hot enough to glow. The minerals in it 


melt and even turn into gas just as water 
boils into steam. 


OUTSIDE THE SOLAR SYSTEM 
As we have seen, earth and planets be- 


long to the solar system, and we have 
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learned that this whole system rotates 
slowly in space. But the solar system or’ 
pies but one small region in the huge 84° 
axy known as the Milky Way—a whirling 
mass of hot gases, billions of stars, and in- 
terstellar dust (Fig. 10-15). Even a 
Milky Way is only one such galaxy ! * 
universe of galaxies sighted and studied y 
astronomers. (Of the many million sA 
parable systems, astronomers have d 
far determined the distance of about ! 
galaxies—a relatively small number.) 


The stars 


Most of the stars that we observe indi- 
vidually are in the Milky Way gee ie 
is somewhat like a fried egg or filled coo 
in cross section. Naturally, from inside the 
stars will look closer together toward 
rim. With binoculars you can see anot ie 
great galaxy in the beautiful autum? p 
stellation of Andromeda. Through 
glasses this Andromeda galaxy looks er. 
—like light shining through tissue NES 
With your naked eye locate the ap oc- 
mate position that the galaxy shou pring 
cupy within the constellation; the? an 
your glasses up between your ey y 8 
the star points chosen. This ga ight 
one of the closest, a mere 2,800,000 als? 
years away. With binoculars you CaP j 
see the nebula in Orion's sword 
a fall and winter constellation, W! 
own galaxy. The Orion nebula !5 pine 
fuzzy patch rather than the twinkling 


Point of light it would be if it were a single 
star. Small as it appears, it takes 15 years 
for light to cross it. 

With binoculars you can also see the 
star clusters that are associated with our 
galaxy. There is one in the summer constel- 
lation, Cancer the Crab. This is a rather 
faint group of stars, usually rather low in 
the southeastern skies in northern lati- 
tudes. The star cluster is called the Bee- 
hive because the close group of stars is 
supposed to look like a swarm of bees. In 
the winter constellation of Hercules is a 
Star cluster which looks like a single star 
to your naked eye. Telescopic photo- 
Braphs have revealed over 30,000 stars. 
Despite their seeming closeness, they are 
Separated from each other by billions of 
miles, 

_ Color of stars. Let the children heat 
'ron wire, say picture wire, until it glows 
red hot. Hold the wire with pliers. As the 
Wire gets hotter, it glows orange, then yel- 
ow. If you could get it hot enough, it 
would turn white. The hottest stars have a 
pluish white light. Our sun is medium 
e. Rigel, 14,000 times brighter than our 

un, is blue-white. Betelgeuse is a red 
Slant, one of the biggest stars known. Ca- 
Pla is yellow like our sun. Aldebaran is 

ange, cooler than our sun. 

Cable 10-2 shows the relationship be- 

cen star color and temperature. 

Star trail photography. A child anda 
Patong interested in photography can 
Seem an interesting experience taking time 
w Posures of stars. Point the camera to- 

ard the North Star. Expose for several 


Table 10-2 


T color surface temperature 
E blue-white above 36,000° F 
uyon — yellow-white 13,500° F 

Arct yellow 11,000* F 

A urus orange 7,500° F 
Dares red 5,500* F 


5» 


(b) 
(a) Camera in position for a star trail 
photograph. Select a clear moonless night and 
make the camera aperture as small as possible. (b) 
Star trails around the North Star. (From R. Brinck- 
erhoff et al., The Physical World, Harcourt, Brace & 
World, 1958.) 


Fig. 10-16 


hours but with a small aperture to keep 
out stray starlight. Your photography 
should show one apex of the axis on which 
our earth turns (Fig. 10-16). Try also with 
shutter wide open. Protect from head- 
lights, etc. (See also Harbrace filmstrip, 


Neighbors in Space.) 
The zodiac 

Ask children to watch and decide if the 
sun, the moon, and the planets appear 
anywhere in the sky or follow a broad 
path. Eventually they should agree that 
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Fig. 10-17 Since all the planets move in nearly 
the same plane, from the earth we see them along 
the zodiac. For example, as the drawing indicates, 
we would see Jupiter among the stars of the con- 
stellation Capricornus, and Saturn in Aries. (From 
R. Brinckerhoff et al., The Physical World, Harcourt, 
Brace & World, 1958.) 


these bodies follow roughly the same path. 
At our latitude this broad band arches 
high across the southern sky (why we see 
planets along the zodiac, Fig. 10-17). Most 
of the constellations parade along an im- 
aginary equatorial line called the ecliptic. 
This belt which is 16? wide is divided into 
12 sections each extending 30?. Each sec- 
tion includes a constellation which is 
called a sign of the zodiac. The 12 signs 
of the zodiac are given in Table 10-3. 

Signs of the zodiac. When people say, 
"The sun is in Taurus," what do they 
mean? Copy the 12 signs of the zodiac on 
large cards or white paper. Lay them ina 
circle on the floor around an unshaded 
lamp (Fig. 10-18). Let a tennis ball repre- 
sent the earth. The children will then 
quickly see why at different seasons we see 
different constellations. It will also be seen 
that the "sun is in Taurus" because look- 
ing from “Earth” toward the sun, the ob- 
server is facing Taurus's section of the 
circle. 


Constellations 


Start children with the names and 
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legends connected with the best-known 
constellation, the Big Dipper. Be sure to 
include some of the American Indian leg- 
ends. For instance, relate the one that ex- 
plains the stars in the handle as the robin, 
the bluejay, and the chickadee. The dou- 
ble star in the middle is the chickadee 
carrying the pot in which the birds hoped 
to cook their quarry, the Great Bear. The 
robin is the star in the handle nearest 
the Bear. Since he was right up in front, 
he was covered with blood when they shot 
the Bear with their bows and arrows. Ever 
since, the robin’s breast has been red. 

Sometimes we put a purposely mis- 
aligned row of dots on a board and let the 
children help correct our design for the 
Dipper. Then the children use small 
squares of black or dark blue construction 
paper. Let them use chalk to draw the 
Dipper and the point of an ordinary pen- 
cil to poke small holes where the stars 
should be. Held up against daylight the 
design can be checked and redrawn until 
satisfactory. Taken home, it can serve as 
check for observation of the Dipper at 
night. 

Some children may wish to make a star 
box, using a flashlight inside an oatmeal or 


Table 10-3 

Signs of the zodiac 
Spring signs month 
Aries March 
Taurus April 
Gemini May 
summer signs 
Cancer June 
Leo July 
Virgo August 
autumn signs 
Libra September 
Scorpio October 
Sagittarius November 
winter signs 
Capricorn December 
Aquarius January 
Pisces February 

-- BIEN a 


Fig. 10-18 Demonstration of why at different seasons we see different constellations and why the sun 
SPPears in different signs of the zodiac. (From General Science Handbook, Part Il, New York State Educa- 


tion Department, 1952.) 


Shoe box (Fig. 10-19). Then let the chil- 
dren prick out the design of each dipper, 
then both together, through a piece of 
thick black (or other opaque) paper which 
slips over the end of the box or in through 
a slot near the end with a flashlight shining 
behind it. The children will notice that 
the Big Dipper has sloping sides and a 
Curved handle. The Little Dipper has 
Vertical sides. One appears to be pouring 
into the other. Polaris, the Pole Star or 
North Star, is important for all to be 
able to locate through the pointer stars in 
the Big Dipper. The North Star does not 
rise or set. It is brighter than our sun but 
appears insignificant because it 1S 470 
light years away. The North Star is the 
Pivot for the five circumpolar constella- 


tions: the two Dippers; Cassiopeia, the 
Queen; Cepheus, the King; and Draco, 
the Dragon. After the two Dippers have 
become familiar, the children should have 
no trouble finding Cassiopeia. It looks like 
a battered M or W, and lies opposite the 
Big Dipper, across the North Star. 

The Big Dipper has been called the 
Clock in the Sky. The position of the 
Dipper handle changes not only with the 
hour ofthe night but also with the seasons. 
For example, on a clear wintry night, the 
handle of the Dipper hangs down. In 
summer, about the same time of evening, 
the handle is high. But in any position, the 
two end stars in the bowl always point to 
the North Star. If the children are not 
sure where to look north, remind them it 
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flashlight 


Fig. 10-19 A star box. There are many ways to 
show the constellations, based on shining a light 
behind a pattern of holes pricked in a plane or 
curved surface. Here as elsewhere let your own 
and the children's creativity have full play. 


will be to the right of where the sun sets. 
If they begin star gazing at home, ask 
them to watch and decide whether the sky 
grows dark at once. Ask them as they 
watch twilight (“twixt light and night") 
fade into night to decide whether the 
stars are of equal brightness. Later in a 
darkened room, with different size light 
Sources, help them to understand why 
astronomers list stars as first, second, third, 
etc., magnitude. Let them look at a flash- 
light at close range and at a distance. This 
is more effective if done outdoors ata 
greater distance. Help them to understand 
that stars are present in daytime though 
we do not see them. Hold a lighted flash- 
light near the window. Let them compare 
the light when the room is darkened and 
when the shades are lifted. 

Although the North Star has been our 
chief guide to navigation for centuries, 
astronomers tell us that it is drifting 
through space together with the other 
Stars. Even the shapes of constellations 
are changing imperceptibly. 

Umbrella planetariums. An ancient 
umbrella provides an excellent way of 
learning the patterns and the paths of the 
circumpolar constellations. Let the tip of 
the umbrella where the ribs converge be 
the North Star. This is also the end of the 
handle of the Little Dipper. On the inside 
make the outline of the Little Dipper with 
Squares of masking tape or adhesive disks. 
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Then place the Big Dipper with the 
pointer stars in its bowl pointing toward 
the North Star. Opposite this design place 
Cassiopeia. Add Cepheus and Draco in 
the appropriate positions (see Fig. 10-20). 
Let the children work under the raised 
umbrella. When the umbrella is held 
overhead, the star groups should look 
much as they do outdoors. It may encour- 
age direct observation of the constellations 
if the children are asked to find out and 
reproduce with their umbrella plane- 
tarium the correct position for each con- 
stellation at a given time of evening. 

To show the relationship between the 
constellations and the rotating earth, you 
can take an old globe and after making 
holes at the North and South Poles, slip it 
over the rod of the umbrella. On many 
umbrellas the handle screws off; if it 
doesn’t, the holes through the globe must 
be big enough to accommodate the soni 
dle. In position the globe can be turned. 
Take a piece of modeling clay or other 
marker and put it on the globe to indicate 
where you are. Ask the children to n 
tend they are standing on the globe loo i 
ing up at the sky, that is, at the err 
the open umbrella. Now turn the globe E 
demonstrate why the constellations eac 
night appear to move about Polaris. ] 

Star charts. For a large star chart pro 
cure a sheet of Masonite and drill holes 
for stars in several constellations, ud 
instance, those grouped about Polaris. 
hind the sheet mount a flood lamp ride 
drape the sheet with cloth to keep € 
traneous light from escaping. i 

Divide ihe children into teams for Mns 
ing the constellations. When each eo 
familiar with the outline of a particu 
constellation and its neighbors, you may 
then gather for an evening of star Srt 
Each team should be accompanied d : 
parent or other adult and should aes 
good strong flashlight and chart o m 
constellation and its neighbors. Each tea 


CC 


Table 10-4 


Stars and their constellations 
bussismitaisao ny 


star constellation star constellation 
Algol Perseus Regulus Leo 
Arcturus Bootes Pollux Gemini 
Antares Scorpio Rigel Orion 
Deneb Cygnus Betelgeuse Orion 
Vega Lyra Sirius Canis Major 
Capella Auriga 


should bring a star map for the sky at that 
Season. Such a map is often published once 
à month by the newspaper or nature or 
Science magazine. Urge the children to 
Select maps which are relatively simple. 
Many Star maps are useless for young 
Children because they are drawn to show 
too much detail, that is, too many stars 
and minor constellations. 

A flashlight with a strong beam is use- 
ful in Pointing out the general direction 
9f the constellation being studied. Each 
team could point out its constellation and 
A some interesting information about it 
© the other children. It will be much 
ki to see the constellations if the flash- 
ga lens is covered with red cellophane. 
"i. light does not affect the eye's adapta- 

to the dark. 


About 200,000 stars have been seen and 
catalogued with the aid of telescopes. Of 
these we can see 2500-3000 with the 
naked eye. This number probably in- 
cludes the total number to be seen 
whether one looks from the northern or 
southern hemisphere. The larger stars 
have been known and observed since an- 
cient times. Most of them have Arabic 
names. Several begin with the Arabic pre- 
fix al meaning “the”; for example, Algol, 
the Demon, in the constellation of Perseus; 
Altair, the Flier, in Aquila, the Eagle; Al- 
debaran, the follower (because it follows 
the Pleiades), the “eye” of the constella- 
tion Taurus, the Bull. In Arabic, Arcturus 
means “the star of the shepherds of the 
heavenly herds.” Planes and ships navi- 
gate with respect to the positions of these 
and other brighter or first magnitude 
stars. There are about 90 named constel- 
lations. Table 10-4 gives some of the con- 
stellations and the great stars found in 
them. 

Constellations are stars which seem to 
move as a group around the North Star, 
or more or less along the ecliptic. Of the 
90-odd named groups, some are not visi- 


Table 10-5 
Senstellations visible in northern latitudes — 
Spring summer fall ] winter 
Leo, the Lion *Lyra, the Lyre *Andromeda, "Orion, the Hunter 
(or the Sickle) *Cygnus, the Swan the Maiden Canis Major, Big Dog 
uriga, the Scorpio, the Pegasus, the Canis Minor, Little Dog 
Charioteer Soph Horse "Taurus, the Bull 
g emini, the Twins ^ *Aquila, the Eagle *Perseus, the *The Pleiades, Seven 
w OTVus, the Crow *Boötes, the Knight Sisters 
ancer, the Crab Herdsman *Hercules, the Lepus, the Hare 
Delphinus, the Hunter *Aries, the Ram 
Dolphin *Cepheus, Andromeda’s 
*Northern Crown, " Father 
the Corona Borealis Cassiopeia, Andromeda's 
Mother 


*Draco, the Dragon 
*Serpens, the Snake 


ni r o 
es as the earth, tilted on its axis, procee 
ations in the partial list above are 


relati n 
lationship of the constellations to each other. 


* Sar 
You will find these constellation positions in Fig. 10-20. The st E R 
ds about the sun. At any particular time many of the con- 


below the horizon. However, what does remain constant is the 


ellar constellations shift a little every 
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(a) The map of the summer sky shows the position of the constellations in May. (b) The map 


s Id, 
of the winter sky shows them in January and February. (From R. Brinckerhoff et al., The Physical Wor! 


Harcourt, Brace & World, 1958.) 


ble in both hemispheres. The circumpolar 
constellations are visible at all seasons, al- 
though some are below the horizon at dif- 
ferent hours. The other constellations are 
visible at different seasons. Table 10-5 
gives those visible in northern latitudes at 
the seasons indicated (see also Fig. 10-20). 

Most children can find the Big Dipper. 
If they extend a line through the two stars 
which form the top of the Dipper, it will 
run right into Auriga, the Charioteer. If 
the line from the top two stars of the Big 
Dipper is continued beyond Auriga, it 
passes close to Taurus, the constellation 
which encompasses the Pleiades (off to 
one side) and Hyades, a V-shaped cluster 
ofstars in the middle of the constellation. 
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Follow the line out further and you come 
upon Orion, a prominent and easily eon 
tified winter constellation with a brig 
line of stars in his belt (Orion's belt). 

The Andromeda family is that grouP 
of constellations which circles about jet 
laris. All three constellations are not a 
ways visible. Take a line from the two eFC 
stars of the Big Dipper to find Pola i 
Continue the line and you will find Cep 
eus (shaped like a child’s drawing wise 
house), Andromeda’s Father. Clock HT 
about Polaris is Cassiopeia (shaped ec 
askew M or W). Going clockwise 4 on 
Polaris is Andromeda herself, often low 
the horizon. 


; hick 
The other nearby constellation, W 


i» 


WINTER SKY 


Little 


Dipper 


GH 
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Milky Way 
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IE 
Ps 


has the Milky Way as a background, is 
erseus. Clockwise from Perseus about 
Olaris is Auriga; a line from Polaris 
Which runs between Perseus and Auriga 
Will come upon Taurus. 

Here are the constellations about Po- 
laris going clockwise from the Big Dipper: 
Little Dipper (closer in and fainter than 
"ie Big Dipper), Cepheus, Cassiopeia, 

*rseus, Auriga. If you extend a line from 
Olaris through the end or the next to the 
€nd star of the Little Dipper's handle, you 
will come upon Draco, a summer constel- 
lation located between Cepheus and the 
1g Dipper about Polaris. 

You and the children can make up 
other guide lines of interrelationship 
among the constellations. Eventually you 
Can become so familiar with them that 
You need to see only a portion of the sky 
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to know in what direction Polaris lies. In 
the long run the best way to study the ge- 
ography of the heavens is to go out at 
night and look upward with a star guide 
in hand and a flashlight whose lens has 
been covered with red cellophane. You'll 
be surprised how quickly it all becomes 
like your own backyard, which, in a sense, 
it really is. 


INSTRUMENTS AND TECHNIQUES 
IN ASTRONOMY 


Astronomers throughout the ages have 
been aided in their study of the heavens 
and celestial phenomena by many devices 
and techniques that are continually being 
improved. From the crudest sundial of 
early times to the modern radio telescope, 
astronomical aids extend our frontiers of 
knowledge. 
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Fig. 10-21 Making a refracting telescope. 


Telescopes 


Refracting telescope. Essentially mak- 
ing a refracting telescope comes down to 
placing one lens (the objective) with a 
fairly long focal length (8" or so) so that 
it focuses a little in front of an eyepiece 
lens (focal length 1"). The distance be- 
tween should be adjustable. This simple 
two-lens arrangement inverts the image at 
the eyepiece so that you see things upside 
down (Fig. 10-21). 

It is easy to measure the focal length of 
a lens. Stand next to a wall 30’ or more op- 
posite a window. Hold the lens up and 
focus an image of the window onto the 
wall. Move the lens until you get the 
smallest sharp image. The distance from 
the center of the lens to the wall will be 
the lens's focal length. 

The better the lenses the better your 
telescope. A stamp magnifier (focal length 
about 1") makes a good eyepiece. A high 
school laboratory or optician's lens (focal 
length about 8") makes a good objective. 
Both lenses, of course, are convex like a 
hand glass. (Let the children feel the 
shape of the glass in a hand magnifier.) 
With achromatic lenses you will have a 
better instrument than that with which 
Galileo discovered the moons of Jupiter. 
These lenses should be set into tubes 
which slide back and forth one inside the 
other. Once you have your lenses, you 
might go to a Stationery store and buy 
some mailing tubes, one for the objective 
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lens and one, slightly smaller in diameter 
so that it just fits inside the larger tube, for 
the eyepiece. 

Next mount the lenses in the ends of 
their respective tubes (Fig. 10-21B). Cut 
two disks of cardboard exactly the inside 
diameter of the mailing tube. Out of the 
center of each cut a circle whose diameter 
is a little less than that of the lens. Glue 
the overlap to the glass edge and also glue 
the two rings to each other. Once dry, the 
lens may be set into the tube by being 
anchored with cardboard rings, one on 
each side of the mounted lenses. 

Reflecting telescope. A reflecting tele- 
Scope consists basically of a concave mirror 
(surface curved inward) with an eyepiece 
lens a little beyond its focus. A 45° mirror 
is often used to reflect the light being 
focused by the concave mirror into the 
eyepiece (Fig. 10-22). The famous 200- 
inch mirror at the Palomar Observatory 
is used in a reflecting telescope. 

To find the focal length of a concave 
mirror, let strong sunlight follow it. Make 
a cloud of chalk dust over the mirror. You 
will see the conical shape of the focused 
light rays. 

Reflecting telescopes can be made 
larger than the typical refracting telescop? 
through which visitors to an observatory 
may look. Most astronomical observatio? 
today is done by photography (long i 
posure). This method is much more €xac 
and more sensitive than the human ¢Y® 
It also provides accurate records from 
which modern astronomers may work. t 

Radio telescope. One of the PRS 
and most interesting developments pe 
astronomy today is what is being °° io 
with radio telescopes. These pick uP ra ct 
signals from stars so distant or indist? 
their light cannot be seen. 


Science and timekeeping 


Startime. The bigger our t 
the farther the universe seems 


elescope 
to stret? 


out before us. The more man finds out 
about the stars, the more infinitesimal our 
world becomes. At the same time astron- 
omy has many practical uses. One of the 
Most important is to give us correct, or 
Sidereal (star), time. When the earth ro- 
tates once on its axis, like a merry-go- 
round, the stars appear to turn once. A 
star day or sidereal day is the amount of 
time it takes for the earth to make one full 
turn. A star will travel 360° or 24 star 
hours in a star day. If we observe a star at 
the highest point of its circle in the sky, we 
know it will travel west 15° every hour 
(360 divided by 24). 

If we sight on a star at 6 p.M. and at 7 
P.M. find it has moved, say, 16°, we know 
our clocks are fast. If it has moved 14°, we 
know our clocks are slow. 

The amount of time from sunup to 
sunup is called a solar day. Our clocks 
and watches are adjusted to keep solar 
time, but we check them by sidereal time 
Or against our star signposts in the sky. 

Sundial, hourglass, and water clock. 
The children may already know that the 
first timekeeping was done by means of 
Shadow sticks and stones and other kinds 
of crude markers. From such activities 
Evolved the sundial, used up to modern 
times (see p. 152). It is believed that Egyp- 
tian obelisks, such as Cleopatra’s Needle, 
were the shadow sticks, or gnomons, of 
Blant sundials. But sundials were of no use 
at night and in cloudy weather. Conse- 
quently, men worked on other time- 
keepers, such as the water clock (clep- 
Sydra). In the eighth century an enterpris- 
ing monk invented the hourglass, the 
Protoype of our modern 3-minute €85 
timer. Time was an all-important factor in 
Computing distance at sea, out of sight of 
land, and the hourglass, which was possi- 
ble aboard ship where the sundial and 
Water clock were not, was an important 
aid to early navigation. 

Pendulum clock. It is said that the 
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Fig. 10-22 A reflecting telescope. (From R. 
Brinckerhoff et al., The Physical World, Harcourt, 
Brace & World, 1958.) 


modern clock is due to Galileo’s mind’s 
wandering in church. He noticed the 
swinging of a lamp suspended from the 
ceiling by long chains. Timing it by his 
pulse, he discovered that the swings were 
regular. After Galileo’s keen observation 
of everyday phenomena, watchmakers 
added a swinging weight to the large, 
heavy egg-shaped timepieces carried on 
their rounds by watchmen. We call these 
swinging weights pendulums. Let the 
children suspend a weight from the top of 
a door opening. If the string is about 39” 
(one meter) long, the pendulum should 
“bob” about once every second. Let the 
children discover that shortening the string 
quickens the beat, and lengthening it 
slows the swing. (See also the discussion on 
the Foucault pendulum, p. 154.) 


Finding positions on the earth 


Finding your latitude. Finding your 
way at sea or in the air is quite a different 
matter from finding your way on terra 
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Fig. 10-23 Working model of astrolabe. Sight in 
the direction of the North Star through the drinking 
straw taped to the protractor. The weighted string 
should fall across the figure corresponding to the 
latitude of the observer. 


firma. The saying “all at sea" is not an idle 
expression. Even on one of the Great 
Lakes, being out of sight of land or at 
night or in bad weather, one has only 
the sun or stars by which to steer. At sea or 
in the air, time is inseparable from dis- 
tance. The intrepid Vikings and other 
early navigators who sailed without bene- 
fit of compasses or accurate timepieces 
have our respect and appreciation for their 
fearlessness in pushing the frontiers of 
knowledge even a little farther. 

The most serious handicap to early 
navigation was the lack of accurate time- 
keeping devices. In the days of sailing ves- 
sels, sailors tried to figure how far they 
had sailed by using a 28-second hourglass 
and a “log line.” The line had a log chip 
at one end to carry it out and knots at 
intervals of 47’ 3", By counting the num- 
ber of knots slipping through his fingers in 
28 seconds, the sailor could tell the ship’s 
speed. Thus were derived the terms ship’s 
log and speed in knots. Knowing the ship’s 
heading from the compass and speed fig- 
ured by the log line, sailors could, by 
deduced reasoning, figure their new Position 
even in cloudy weather. Shortened to 
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“ded. reckoning,” the expression has come 
to be called “dead reckoning.” 

The great voyages of exploration during 
the fifteenth century were undertaken by 
men better equipped with courage than 
with instruments of navigation. By the 
next century it became clear that accurate 
navigation was out of the question without 
more accurate ways of keeping time at 
sea. During the same period mapmaking 
had become a real art. 

The mercator map projections still used 
today were invented by the famous Flem- 
ish geographer, Gerardus Mercator. Just 
as we map the land with a grid of streets 
and roads, early cartographers marked off 
the globe with east-west (latitude) and 
north-south (longitude) lines. These estab- 
lish one’s position with reference to the 
nearest parallel of latitude and meridian 
of longitude. These lines might be re- 
garded as imaginary world streets or high- 
ways. Sailors first learned to find their 
latitude with the help of an astrolabe, 4 
crude instrument for measuring the height 
(altitude) of the sun and stars. Try making 
one with the aid ofa protractor and other 
simple materials (Fig. 10-23). More accu- 
rate latitude positions were possible when 
the sextant was invented. 3 

If you estimate how much your arm i5 
raised (what angle it makes with the 
carth's surface) when you point to the 
North Star, you can estimate your lati- 
tude. If you were standing at the North 
Pole, your arm would be straight ove" 
your head (latitude 90°). If you were at 
the equator, your arm would be cou! 
Straight in front of you (latitude 0°). Hinge 
two rulers together with adhesive a 
Touch a world globe at any point with t 
hinge. Let one ruler point to the NE 
Star, the other to the horizon at the po!” 
selected (i.e., at right angles to globe Sut” 
face as if it were someone standing on ud 
earth’s surface). Just as the person gga 
ing at the North Star creates an ang 


‘between his arm and the earth’s surface 
equal to his latitude, so do our pair of 
rulers indicate approximate latitude at the 
point selected. For accurate latitude, 
measure the angle with a simple protrac- 
tor. 

Latitude vs. longitude. To understand 
the difference between latitude and longi- 
tude, children need to become aware of 
the difference between parallel lines and 
those which converge to a point (i.e., the 
poles). It may be helpful here to illustrate 
the difference by drawing lines around a 
tennis ball —they stay parallel though the 
circles get smaller and smaller; then draw 
lines through the poles—these spread out 
and come together always crossing at the 
Poles. Once they knew the world was 
round, the early mapmakers divided the 
globe into parallel slices. Starting at the 
€quator, they drew a parallel of latitude 


every 10° until they reached the poles. 
10° = 700 miles 
i = 70miles : 
l min = 6000 feet (1 nautical mile) 
lsec = 100 feet 


Many children know from playing with 
Protractors that 90° makes a right angle. 
Remember this was the angle of the man’s 
arm as he stood at the North Pole point- 
ing at the North Star. 

The mapmakers then divided the globe 
along its axis longitudinally, producing in 
this Way pie-shaped segments much like 
the Sections of an orange or grapefruit. The 
Mapmakers called the convergent lines 
dividing the globe's segments meridian lines 
?r meridians. Since it takes the earth 24 
hours to turn full circle or 360°, they 
divided 360 by 24 and drew a meridian 
line every 15°. Here is a good case of 
time equaling distance (1 hour equals 
15° of longitude east or west). Which was 
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to be the starting line? After considerable 
confusion, in 1884 by international agree- 
ment they recognized the prime meridian or 
0° as that which passed through the Royal 
Observatory in Greenwich, England. 
Starting at the prime meridian, the merid- 
ian lines go both east and west up to 180°. 
The 180th meridian is directly opposite 
the prime meridian and is the same for 
both east and west. Illustrate to the chil- 
dren with a peeled orange or grapefruit. 

Finding your longitude. To find your 
longitude, you need to know about time 
around the globe. As the earth turns, it 
becomes noon successively around the 
world. It is noon when the sun is highest 
overhead. You “shoot the sun” with a 
sextant to determine when it is “high 
noon” where you are. At the same time 
you need to know the time at a given 
meridian, which is generally the prime 
meridian. Every ship has an accurate 
clock (chronometer) set at Greenwich 
time. 

Suppose it is 3 P.M. Greenwich time 
when it is noon sun time in your location. 
This means you are 3 hours or 45° west 
longitude. 

Use a flannel board, some ships’ out- 
lines, and some grid lines to give the chil- 
dren a deeper understanding of the appli- 
cations. Assume it is noon aboard each 
ship. Given different Greenwich readings 
from the ships’ chronometers, let the chil- 
dren work out the ships’ longitude posi- 
tions by simple arithmetic. 

Finding longitude is simpler than find- 
ing latitude. However, it was very difficult 
for the early navigators because they 
lacked accurate timepieces. The story of 
Harrison’s chronometer, or the man who 
worked 50 years to win a prize, is worth 
knowing. The children might wish to 
dramatize the story of his life. 
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CAPSULE LESSONS 


10-1 Accumulate a number of balls or 
spheres. Take the children outdoors at high 
noon of a sunny day. Lêt them work in teams 
and observe shadows on the balls as they stand 
still or rotate. Repeat at morning or afternoon 
recess and compare. 

10-2 To illustrate a solar eclipse, close one 
eye and with the other look at a ceiling light. 
Hold a small disk or coin a few inches in front 
of your line of sight. The light source represents 
the sun, the disk the moon. Note how the 
“moon” can completely hide the “sun.” A friend 
will note also the *moon" shadow cast on the eye 
of the observer. 

10-3 "Tostudy latitude and longitude lines, 
a third grade teacher and his children invented 
the idea of pinning a grid of strings to the ceiling. 
The strings were attached in true N-S, E-W di- 
rections. 

10-4 If you can secure a Florence flask from 
a high school science teacher, you can make a 
model celestial globe. Half fill the flask with 
water colored for visibility. Tape around the 
middle with a narrow band to represent the 
celestial equator. With a protractor, measure 
and mark a point 232° above the first band. 
Beginning at this point and using different 
colored tape, tape straight around the flask at 
its greatest circumference. This band represents 
the ecliptic, an imaginary line made by the plane 
of the earth's orbit extended to cut the sky. The 
intersections of your two tapes are astronomers’ 
reference points, the vernal equinox and the au- 
tumnal equinox. Except for the circumpolar con- 
stellations, most constellations are spaced along 
the ecliptic line. Note, for example, the angle at 
which the great autumn constellations of Scorpio 
and Sagittarius appear to roll up from under the 
horizon. A dowel rod run through a one-hole 
Stopper in the flask should be aimed toward the 
North Star. 

10-5 Challenge the children's creative think- 
ing by encouraging arithmetic problems and 
diagrams which come out of any study of as- 
tronomy. 

10-6 Makea brightness scale for observing 
stars. The method is adapted from Discoveries in 
Science, by Violet Strahler and Clifford Nelson, 
Harcourt, Brace & World, 1960. You will need 
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a strip of cardboard about 12" long and 2" 
wide. Draw a line down the center of the long di- 
mension, and measure the strip into 2" sections 
along this line. Using each of these points along 
the line as a center, draw five 1" circles. You 
may use a half-dollar to trace the circles. Cut 
them out carefully with a pair of pointed scissors. 
Now obtain some clean, clear, unwrinkled cello- 
phane. Try to make sure that there is no differ- 
ence in thickness or clearness of the cellophane 
you use. Leave the first hole in the strip uncov- 
ered. Cover the second hole with a single thick- 
ness of cellophane, fastening it with transparent 
tape. Cover the third hole with a double thick- 
ness of cellophane. Cover the fourth hole with 
four thicknesses and the fifth with eight thick- 
nesses. 

Now select a bright star in the sky to observe. 
Look at it first through the uncovered hole and 
then through the others. Is there a hole which 
shuts off all light from the star? This instrument 
does not give a mathematical measure of bright- 
ness, but you will be able to say that a star which 
can be seen through hole three but not through 
hole four is brighter than those which can be 
seen only through holes one and two. You can 
also say that it is not as bright as those which 
can be seen through holes four or five. To make 
a more finished instrument, cut out a secon 
piece of cardboard just like the first and seal it 
over the side which has the cellophane. 

10-7 Make this investigation, adapted ee 
Paul E. Blackwood's Experiences. in Science, Sr 
ed., Harcourt, Brace & World, 1960, to dis 
cover why some stars appear brighter and large" 
than others. You will need two candles and two 
smoked glass plates 4” square or two pieces 9r 
waxed paper. Place two lighted candles about À 
apart. Stand about 2' away from one candle y 
that the second candle is 10' away. Look at ee 
nearer candle through the smoked glass ( 
waxed paper) and mark on the glass where ‘i 
top and bottom of the flame appear. Standing 
the same spot, look at the other candle HE 
the second smoked glass and mark the toP A 
bottom of the flame. Compare the size 9 hé 
markings. Which flame seems to bc larger: = 
both flames are the same size, how do me 
count for the apparent difference in sizes? 


the brightest stars necessarily the largest? Then 
what are the two causes of the brightness of 
Stars? 

10-8 You do not need a telescope to study 
Stars. There are over a dozen star clusters, vari- 
ables, and nebulae which can be seen through 
binoculars. Encourage children and their par- 
ents to check such references as Astronomy with 
an Opera Glass, by Garret Serviss, A Field Book of 
Stars, by W. T. Olcott, and Discover the Stars, by 
Gaylord Johnson and Irving Adler. The last 
comes in an inexpensive paperback edition. 

10-9 Observe and map the position of one 
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If you have a sink in your classroom, 
there are a surprising number of science 
experiences which you will want to keep 
from “going down the drain.” Even if 
your classroom does not have a sink, the 
children can enjoy many of the following 
activities with the help of a bucket and/or 
dishpan and some rubber tubing. 

Perhaps you could begin by giving chil- 
dren the chance to see what goes on inside 
a water faucet. Most hardware or plumb- 
ing shops are glad to give you an old 
spigot. Have the parts loosened so the 
children can take the faucet apart and put 
it together again as many times as they 
wish. 

Turn on the water in your sink and let 
the children watch carefully to learn all 
they can about the shape and direction of 
running water, the way it runs out of the 
drain. Does the water flow in any particu- 
lar pattern? Does it drain any faster when 
an air hole appears in the middle of the 
draining water? Observation will answer 
these and other questions. Tack clean 
paper to cardboard and hold it close to 
the sink in order to find out the height and 
distance of splash marks. Are these the 
same when the water runs slowly as when 
it runs fast? Pour water from a pitcher 
into the sink and observe the shape and 
fall of the flow. Pour water from one con- 
tainer to another, again observing closely. 
Watch the pattern of water flow from a 
dish drainer at home. 
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If you have running hot water, turn it 
on and listen for a change in sound when 
the water begins to run hot. Compare the 
sounds of variously shaped containers 
being filled. If a hot plate is handy, listen 
to the change in the sound of a pan begin- 
ning to boil dry. 


PROPERTIES OF WATER 


There is a great deal to consider about 
water. Let the children note its color, taste; 
and feel. Compare the colors of water from 
different sources if these are available. Try 
tasting water after it has been boiled and 
cooled, after it has been frozen and then 
melted. Taste water just run from a taP 
and water which has stood (covered) for 
a time. 


Boiling and freezing points 


At standard atmospheric pressure, watch 
freezes at 0° C (32° F) and boils at 100° G 
(212° F). However, for water that con- 
tains dissolved impurities the boiling a” 
freezing points may vary slightly. YOU" 
children are more apt to remember this 
you make it possible for them to take ther 
mometer readings while boiling and Heer 
ing pure water. Compare these temper?" 
tures with those of boiling and freezing 
salt water. 

Let the children observe how hea 
transferred to water, thereby causing the 
temperature of water to rise. One activitY 


t is 


which interests children very much re- 
quires a piece of iron with a wooden 
handle. An old soldering iron is excellent. 
Heat the iron and plunge it into a pan of 
water whose temperature you have read 
from a floating baby’s bath thermometer 
(bathometer). Watch the temperature of 
the water rise. Watch it drop when you 
remove the iron. 


Volume and density 


Children are aware that alcohol is 
“thinner” than water and that molasses is 
"thicker" than water. Each of these liquids 
has a different density; that is, the weight 
of a volume of one liquid differs from the 
weight of an equal volume of another liq- 
uid. The density of water (taken as 1) is 
used as the standard for measuring densi- 
ties of other substances; therefore, alcohol 
is less dense or lighter than water and mo- 
lasses is denser or heavier than water. 

Compare the weights of a gallon (or 
Pint or quart) of water and a gallon of 
syrup, oil, kerosene, milk, etc. How much 
water does it take to weigh a pound? 


HOW WATER BEHAVES 


Water is one of the few substances 
which occurs commonly in three different 
forms—liquid, solid, and gas. In each of 
these guises it exhibits interesting behavior 
which we can study in our sink laboratory. 


Water, the great dissolver 

Let children experiment with dissolving 
small quantities of such household staples 
as sugar, salt, soda, cocoa, flour, and 
Others. Dissolve the same amount of each 
substance in hot water. Compare the rate 
at which solution takes place in each case. 
Now try dissolving substances in other 
liquids such as oil, vinegar, milk, alcohol, 
and kerosene. The children will soon de- 
cide that water is the most universal 
solvent. 


Learn about saturated solutions by 
adding sugar or salt to a small quantity of 
water until no more will dissolve. Pour 
into shallow dishes, across which you have 
laid short lengths of white cotton grocery 
string. Watch crystals form along the 
string as the solution evaporates. If your 
local druggist has copper sulfate, alum, or 
hypo in small crystals, you can dissolve 
them and grow larger crystals as described 
above. Try suspending a piece of string in 
a deeper container such as a peanut butter 
jar. See Chapter 8, Fig. 8-7. The children 
will undoubtedly enjoy growing their own 
rock candy crystals. To a cup or more of 
boiling water, add double the amount of 
sugar. Stir until dissolved, and cool. Sus- 
pend a clean string in the solution and 
leave undisturbed until crystals have grown 
large. Add a string of rock candy to an- 
other sugar solution and watch the crys- 
tals grow larger. 

Perhaps you live in a limestone region 
where water has dissolved out caves or 
potholes in the rocks. Nearly all parts of 
the country have some rock which shows 
evidence of the dissolving action of water. 
The accumulation of salts dissolved out of 
the rocks answers the question, ““Why is 
the sea salty?” Classroom chalk is a 
powdered form of a kind of rock which is 
usually a combination of limestone and 
gypsum (plaster). Dissolve chalk in water 
and filter it through filter paper. (Use 
coffee filter paper or secure filter paper 
from the drug-store or from a high school 
science teacher.) The water will appear 
clear. Put it in a flat pan or pie tin and 
boil away the water or allow it to evapo- 
rate naturally. A residue of white powder 
will remain. 

Dissolve lime tablets obtained from the 
drugstore. Filter until clear. Also procure 
from the drugstore a small quantity of 
phenophthalein solution. Add a few drops 
of this to the clear liquid. Note that it 
turns red. Nothing happens when the test- 
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seal made of 
raw potato, clay, etc. 


Fig. 11-1 
of evaporation and condensation useful in so many 
processes, It also illustrates the water cycle of such 
importance in weather. Finally, it illustrates matter- 
energy interchange and changes in the state of 
matter. 


A simple still, illustrating the principle 


ing agent is added to some pure tap water. 

Speed of dissolving. Use a hammer or 
some heavy object to crush a sugar lump. 
Put particles into glass jar. Put whole 
lump in another container. Add equal 
amounts of water to both. Which dissolves 
faster? More surface of particles is exposed 
in the crushed lump. Hence it dissolves 
faster. 

Distilling water. How could we get 
water from the sea? Use natural salt water 
if available, or make your own brine. Add 
red food coloring, just to complicate the 
problem of pure water. Now you need a 
small teakettle, rubber tubing, an electric 
hotplate, a pan of ice cubes, and a pint jar 
or jelly glass. Set up your “still” (Fig. 
11-1) and start the water boiling. Before 
long clear, uncolored water drops should 
begin to collect in the glass. The steam 
which boiled off the teakettle solution be- 
came water as it cooled in the jar, leaving 
the impurities behind. 

Getting solids out of water. Put some 
muddy water in a tall glass bottle. Add a 
few crystals of alum plus ammonia. Stir 
and let settle. Alum forms a jellied mass 
which entraps and carries dirt particles 
downward with it. This coagulation 
process is used by many municipalities for 
purifying water. 
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Set up a miniature filter plant by filling 
a large glass or plastic funnel with a layer 
of clean pebbles, a layer of coarse gravel, 
and a layer of fine sand (Fig. 11-2). Point 
out that this unit and the coagulation 
process make water cleaner but not always 
safe to drink. 


Evaporation 


The fact that water can “disappear into 
the air" is just another example of its 
extraordinary behavior. Draw two squares 
or circles of the same size on the black- 
board. “Paint” them with water. Time the 
difference in evaporation between the fig- 
ure you fan and the figure which is not 
fanned. Be sure that your circles or squares 
are not too close to each other. Perhaps 
your children will have already learned 
something about the rate of evaporation in 
connection with other investigations. Boil 
a nearly empty pan to dryness. Where did 
the water go? 


Expansion on freezing 


Scientists tell us that if water did not ex- 
pand as it freezes and if the resulting ic€ 
did not float, our climate would be 8° 
cold that the earth would be uninhabit- 


nm f in- 
Fig. 11-2 Water filtration. The possibilities S nts 
troducing variables with relation to filtration ag 
are endless. 


able. Ice is less dense than water and 
therefore floats on the oceans where, ex- 
posed to the air, it is melted. If ice did not 
float but sank to the bottom, it would 
never be melted. Ultimately the oceans 
would fill with ice, and the surrounding 
climate would be very cold. The fact that 
water expands upon freezing causes the 
resulting ice to be less dense than the same 
volume of water. 

If you do not have a school refrigerator, 
perhaps the children can do the following 
at home. Rinse out a paper milk con- 
tainer, fill to the brim with water, and 
close the cap as firmly as possible. As the 
water inside freezes, it will expand and 
push up the cap. In case the children are 
not sure that ice floats, recall how ice cubes 
float in lemonade. Let them float ice in 
their home sink. 

The work of water in solid form is evi- 
dent in those parts of the country which 
have been glaciated. Draw attention to the 
Work of running water in smoothing peb- 
bles and boulders, in carving canyons and 
valleys, in those parts of the country which 
have not been glaciated. 


Surface tension 


Partly fill with water a tall, thin glass 
Container such as an olive bottle. Look- 
Ing carefully, you should note that the 
Water climbs slightly higher on each side 
than in the middle. Water molecules ad- 
here better to glass than to water mole- 
cules. This makes the water climb the 
Sides of the jar. The attraction between 
unlike molecules is called adhesion. 

In explaining a magnetic compass to 
children, we often let them make their 
Own by magnetizing a needle (p. 342). In 
Order to permit it to swing freely, we float 
it on water with the help of a drinking 
Straw or a bit of cork. Sometimes, if we 
drop it very gently and carefully on the 
water, it will float without help other than 
from the surface tension of the water. The 


Fig. 11-3 Water rising by capillarity. When the 
plates are wet, the film of water between them re- 
places the air. The tags separating the plates 
should be no thicker than two layers of Scotch 
tape. (From A. Joseph et al., A Sourcebook for the 
Physical Sciences, Harcourt, Brace & World, 1961.) 


surface tension is the result of the attrac- 
tion or cohesion between water molecules. 


Capillary attraction 


Another one of water's interesting 
characteristics is involved when we make 
water disappear with the help of a sponge 
or blotter. Use colored water and a white 
blotter or sponge so that you can observe 
how the water is taken up. Wipe up water 
with a dry cloth and with a cloth of the 
same material that has been wet and 
wrung out. Which works best and why? 

To find out how water rises in the soil, 
you can use glass plates or squares such as 
those used in seed germination experi- 
ments. Bevel the edges for safety with 
emery or sandpaper. Spread a film of water 
all over one plate. Lay another plate on 
top and secure with rubber bands. Sepa- 
rate at one edge with cardboard tags (Fig. 
11-3) and set in a saucer of water. Note 
how water rises highest where glass is 
closest together. 

Water does not rise with equal speed 
through all kinds of soil. To find out 
which local soil moves water fastest, fill 
one lamp chimney with sandy soil and one 
with clay soil (Fig. 11-4). Keep dirt from 
falling out the bottom of chimneys with 
netting or cheesecloth. Set in a container of 
colored water and observe. Lamp chim- 
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lamp chimney 


sand 


clay 


cheesecloth 


Fig. 11-4 Water rising through sand and through 
clay. 


neys are usually available from hardware 
Stores. 


Buoyancy 


Another bit of water's magic which we 
are apt to take for granted is its ability to 
transport objects. Primary children love to 
find out what things float and what do 
not. Older children may wish to review 
this experience and consider possible rea- 
sons. It may help them to understand if 
you can secure some tinfoil or some very 
light sheet tin. (Aluminum foil is too 
light.) Make some miniature boats of tin- 
foil by bending up the sides of the sheet or 
Pieces of tin. Then crumple the tin and 
watch it sink. 

For the next step you need household 
scales, a dishpan, and a pan that can be 
set into the dishpan and yet is big enough 
to float a toy boat. Set the smaller pan in- 
side the empty dishpan. Fill the small pan 
to the brim with water. Float the toy boat. 
Some water will be displaced and over- 
flow into the dishpan. Collect this care- 
fully and weigh. Now weigh the boat. The 
weights should be very close. Repeat, add- 
ing some “cargo” or “ballast.” 

Older children and sometimes younger 
ones ask what makes a steel ship float. 
One way to explain this is to secure a 
piece of tin and a spring balance. Place 
the sheet in water and it sinks. Tie the 
sheet to the hook ofa spring balance and 
note its weight. Now lower the sheet into 
water and again note its weight, which 
will be less. With pliers bend up the sides 
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of the sheet to form a tray and set it on 
water. Now it floats (Fig. 11-5). Obvi- 
ously some force is counteracting the 
weight. Notice the position of the water 
line on the outside of the tray. Mark this 
level with a crayon inside and out. Re- 
move the tray from the water and fill the 
inside with water up to the level which 
you marked. Pour off the water and 
weigh it. Its weight equals the force that 
held up the tray when it floated. It should 
also equal the weight of the sheet when 
weighed in air. A giant ocean liner like the 
Queen Mary displaces or pushes out as 
much water as it weighs. That is why a 
ship is said to have so many tons of dis- 
placement. When a child in the class 
swims, he or she displaces as much water 
as he weighs. Help the children to see that 
the upward force called buoyancy is equal 
to the weight of the floating object. Recall 
that the amount displaced by the tin 
Sheet was much less than when it was 
made into a tray. Thus an object which is 
heavier than water can float if it is shaped 
So as to displace water equal to its own 
weight. An object which is lighter than 
water sinks only far enough to displace Its 
weight in water, Weigh a block of wood, 
then the amount of water it displaces. The 
weights should be nearly equal. 


Fig. 11-5 


Floating metal, An aquarium ide 
able but not essential for visibility. The €— 
should come to the conclusion that water pus 
“up" against the floating object. 


cotton gauze 


(e) 


\cotton gauze 


(b) 

Fig. 11-6 (a) Model submarine. The double layer 
of cheesecloth provides a layer of air which pre- 
vents water from re-entering the model submarine. 
When a tumbler of water is covered with a double 
layer of ladies’ nylon hose and inverted over a pan 
or sink, the air layer provided by the mesh fabric 
Permits outside air pressure to keep water from 
falling out. (b) Raising a sunken boat by using pon- 
toons. 


A classroom submarine. Submarines 
are always fascinating to children. To 
make one which will dive and surface you 
need the following: a wide glass or plastic 
tube stoppered at one end with a one-hole 
Cork, a plastic tube to fit the hole in the 
cork, and rubber tubing to fit the plastic 
tube. The other end of the large tube is 
closed with cheesecloth secured with rub- 
ber bands. Place the “submarine” in an 
aquarium or widemouthed glass jar or 
dishpan (Fig. 11-6A). It will sink as soon 
as water enters through the cheesecloth. 

hen a submarine dives, the ballast tanks 
fill with water and air escapes. To make 
this “submarine” rise or “surface,” blow 
into the rubber tube. In a real submarine, 
Compressed air is pumped into the tanks 


to drive out the water; in your simple 
apparatus, air compressed from your lungs 
is accomplishing the same thing. You may 
want to try raising your “submarine” with 
air pumped by a basketball or bicycle 
pump. A submarine-shaped hull or a toy 
model submarine fitted around the plastic 
tube may make the device more realistic 
to children. Help them to see the prin- 
ciple of reducing the weight of the “sub- 
marine” by forcing out enough water to 
equal the weight of the “sub.” 
Pontoons for raising ships. 
sunken ships depends on the same prin- 
ciple. An experiment to illustrate this re- 
quires two of the “submarine” tubes. A 
small nonfloating model boat or a hollow 
plastic one with a hole in it may be the 
sunken ship. Sink the two pontoon tubes 
one on each side of the “wreck” (Fig. 
11-6B). Attach the tubes to the wreck with 
string to simulate the steel cables used in 
real life. Blow the water out of the tubes. 
As they surface, they will bring the 
“wreck” with them. Keep the rubber tub- 
ing pinched with a clothespin or your 
fingers to retain air in the plastic tubes. 


Raising 


Pressure 


Water goes upstairs. Young children 
often verbalize their wonder at how water 
climbs hills or goes upstairs in their houses. 
Older children take it for granted and do 
not ask, although they usually don’t 
know. Near the bottom of a quart milk 
carton punch a hole into which you can 
squeeze an end of some rubber tubing. 
Use a plastic or glass container to collect 
water from the other end of the tube. Fill 
the carton with water. Watch the rate at 
which the water flows into the collecting 
jar as you hold it at different levels. The 
children will see that the water runs “up- 
hill” as long as your milk carton “reser- 
voir” is held at least as high. Some chil- 
dren may now bring up observations 
about hilltop municipal water towers and 
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can 


N, 


Fig. 11-7 Water pressure increases with depth. 
(From A. Joseph et al., A Sourcebook for the Phys- 
ical Sciences, Harcourt, Brace & World, 1961 .) 


reservoirs. Gravity flow will permit water 
to flow at least to the same height as its 
source. The greater the height, the better 
the water pressure. 


level rises as diaphragm goes deeper 


rubber diaphragm? 


(a) 
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Fig. 11-8 
is exerted equally in all directions at the same depth. 


Let the children repeat, humping the 
tubing in the shape of a hill. Water left to 
itself always flows downhill, but con- 
stricted into pipes it can be made to flow 
uphill. The same principle holds true for 
water pressure in a house. Children who 
livein apartment houses will better under- 
stand why the water pressure may be 
better downstairs than several flights up. 

Pressure increases with depth. A simple 
device for showing that the depth of water 
affects the pressure can be made. Punch 
three equidistant holes in the side of a 
milk carton or tall tin can (Fig. 11-7). Use 
a 1-quart or 2-quart milk carton. Fill with 
water and note that the stream of water 
flowing from the bottom hole is longest 


(a) Water depth indicator; (b) water pressure 


and swiftest. The middle hole has about 
half the flow and force, while the top hole 
is barely a dribble. This is a good experi- 
ment for children to repeat. 

Homemade depth gauge. Another 
simple device for measuring water pres- 
sure requires a small plastic funnel, a toy 
balloon, rubber tubing, and a clear glass 
or plastic drinking tube (Fig. 11-8A). 
First, cover the mouth of the small funnel 
with a layer of rubber from the balloon. 
Stretch the rubber and fasten it securely 
with plastic tape. Next attach one end of 
about 3’ of rubber tubing to the funnel 
opening and attach the other end to the 
clear glass or plastic tubing. Anchor the 
tubing to white cardboard with thin wire 
or cord. Now bend the rubber tubing 
to form one leg of a U, with the glass or 
plastic tube as the other leg, and tie it 
down with cord or thin wire. (For greater 
permanence the tubing can be mounted 
on wood.) Temporarily remove the funnel 
from the rubber tubing and add water 
containing red ink or vegetable coloring to 
the glass tube until it is half full. Now slip 
the rubber tubing back on the funnel. Fill 
an aquarium or bucket with water. With 
arms bare, lower the funnel. Asit descends, 
the water pressure will push against the 
rubber sheet; the rubber sheet, in turn, 
will push the air which will make the col- 
umn of colored water rise in the plastic 
tube. As you go deeper, the level in the 
tube rises in direct proportion. Submarines 
use a device working on the same principle 
to find their depth below the surface. — 

Equal pressure in all directions. Using 
the same equipment as for the depth 
gauge, try the following test midway and 
at the bottom of the container (Fig. 
11-8B). Hold the funnel mouth to the left, 
to the right, upward, and downward. At 
the same depth the "depth gauge" will 
register the same pressure in the tube 
(manometer.). If the school has a super- 
vised swimming pool, the pupils might be 


able to test the same device on a larger 
scale in 3-4' of water. For this you 
will need longer rubber tubing and a 
longer plastic tube. It would be best to 
check with the principal in case any of the 
students should take an unexpected 
plunge in the pool. 


THE WATER CYCLE 


One concept about water you will 
surely want your children to have is that 
of the water cycle— condensation to evap- 
oration to condensation to evaporation 
and so on. You will need a teakettle with 
a spout, a small hot plate, a few ice cubes, 
and a kitchen gravy tablespoon with a 
wooden handle or very long metal handle 
which will not conduct heat too quickly to 
your hand. Bring the water in the teaket- 
tle to a boil so that a good jet of “steam” 
(water vapor) is coming from the spout. 
Place an ice cube in the bowl of the spoon, 
hold the underside of the spoon in the 
steam, and watch drops of water form on 
the spoon. 

Instead of a spoon, many teachers use a 
metal plate in which are placed several 
ice cubes. The plate bottom collects 
and forms more “rain,” but it is more dif- 
ficult to hold the heated plate than the 
spoon. Pot holders or gloves are needed. 


How a well works 


Water falling on the earth as rain be- 
comes available to us from such sources as 
springs, rivers, streams, and wells. An 
aquarium or other container full of sand 
or soil can be used to illustrate a simple 
well. Countersink a tin can open at both 
ends in the soil. Generously water the 
surrounding soil. The level to which the 
water rises in the can shows the level of 
water in the soil. Measure the depth of 
the “well” at intervals (after 1 hour, 6 
hours, 24 hours). The artesian well was 
described earlier (pp. 117-18). 
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water level 


Fig. 11-9 Marsh and lake formation. 


How lakes and marshes are formed 


An aquarium may also serve to illus- 
trate how lakes and marshes are formed. 
Mold the sand or earth so that there is a 
hollow or depression at one end or in the 
middle. Water sprinkled generously on 
the higher ground will eventually collect 
in the low spot first as a miniature marsh 
and then, when more water collects, as a 
lake (Fig. 11-9). 

If a garden hose and a school garden 
are available, they are useful accessories 
to the sink in constructing and experi- 
menting with the flow of water in model 
irrigation ditches or along model con- 
tours. Otherwise, the aquarium or other 
large container can serve on a smaller 
scale to help children understand contour- 
ing and irrigation. They may wish to 
build a model dike of modeling clay to 
understand how people live below the 
level of the water, as is the case in many 
scattered parts of our own country as well 
asin Holland. They may wish to make a 
sluice in the dike or a lock in the canal. 


PUTTING WATER TO WORK 
Water, like fire, can be one of the most 


useful as well as destructive forces in na- 
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ture. Man early discovered that water 
could work for him in many ways. 


The breast wheel 


The oldest type of water wheel is the 
breast wheel or wheel on its side. Start 
with a Tinkertoy hub. Next insert a 2" or 
3" Tinkertoy stick into each hole. Cut 
blades about 2" x 2" from the walls of 
milk containers. Slip the blades into the 
slots on the Tinkertoy stick ends (Fig. 
11-10A). A thick nail through the center 


o 
o 
undershot 


(b) 
Fig. 11-10 (a) Simple water wheel; (b) v9" 
and undershot water wheels. 


Tinkertoy parts 


shot 


Fig. 11-11 


hole of the hub serves as a vertical axle for 
the horizontal wheel. Immersed into a 
stream of running water, as in the sink or 
overflowing from a pan into the sink, the 
wheel will spin. Because the blades on one 
side fight the water, the breast wheel is the 
least efficient type. 


The undershot wheel 


With the same equipment, hold the 
axle horizontally with the wheel in a ver- 
tical position. Hold the wheel so that only 
the bottom blades are impelled by the 
water. 


More efficient undershot and 
overshot wheels 


Use the same simple wheel with water 
power from the downflow of a faucet or 
rubber tubing. If the stream is directed 
Vertically at the top of one side of the 
wheel, the pressure of the water will 
make the wheel spin rapidly. 

The overshot wheel (Fig. 11-10B) takes 
maximum advantage of water pressure 
and gravity to spin the wheel. It was the 
type frequently found in old-fashioned 
grist (or flour) mills—the type that pow- 
ered New England textile mills before the 
days of steam power. Using the same toy 


Water wheel-operated model grist mill. 


wheel as before, direct the stream of water 
horizontally through a rubber tube. 


Model grist mill 


To build a working-model grist mill, 
mount the water wheel used above to turn 
two Tinkertoy pulleys (Fig. 11-11). These 
last represent the millstones. A mill shed 
or building can be made from the water- 
proofed sides of milk cartons, sewn to- 
gether with thread and needle. 


High-pressure turbine 


To build an efficient high-pressure tur- 
bine, you and your pupils need some thin 
sheet aluminum or zinc. Using a pattern 
(Fig. 11-12A), lay out a 6” wheel with a 
sharpened nail as a scribing tool. A 4” 
hole is drilled or punched in the center. 
Then cut out the shape with tin snips or 
tinners’ shears. Jewelers’ snips may also be 
available through the school arts and 
crafts shop. Shape the blades into half 
cylinders (Fig. 11-12B). Use a '4” bolt as 
an axle and use washers to keep the tur- 
bine wheel clear of a skate wheel which 
will provide a low-friction base. Oil the 
skate wheel bearings and the bolt to pre- 
vent rust. A clear plastic container is now 
needed to house the turbine wheel. A 
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(e) 


shallow covered refrigerator storage con- 
tainer will do if it is large enough. Now 
cut out one side of the tray. Drill 14” holes 
in the center of the cover and bottom of 
the plastic case (Fig. 11-12C). Remount 
the bolt (use a longer one if necessary). At- 
tach the skate wheel to the bottom by us- 
ing bolts and washers. Drill a hole with a 
hand gimlet or pointed nail for a glass 
nozzle and rubber tubing in one end of the 
plastic case. 


CAPSULE LESSONS 


11-1 Boil 2" of water in a saucepan. Cool 
and measure again. Heat and carefully remeas- 
ure the depth of the water. Set in ice and again 
remeasure. 

11-2 The principle of surface tension per- 
mits the delightful pastime of blowing soap 
bubbles. Encourage children to discover whether 
different kinds of soap or differences in strength 
of solution make any difference in the size ofthe 
bubbles. 

11-3 "There is a host of delightful experi- 
ments with floating objects. See E, Hone and 
L. Raphael, Science Around the Harbor (pamphlet 
to be published fall 1961). 


11-4 Make flannel board drawings to illus- 
trate the water cycle. 
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hole to clear bolt head 


spacing washers 
Skate wheel bearing 


(b) (c) 


Fig. 11-12 Sheet metal water turbine wheel. 


To use the turbine, connect the rubber 
tubing with a faucet and hold the turbine 
in position (Fig. 11-12). The wheel will 
rotate at an extremely high speed. Waste 
water will fall out of the bottom opening 
previously cut out of the side of the plastic 
tray. A 12" water wheel of this type can 
spin a bicycle generator and light a small 
flashlight bulb (1.1 volt). 


11-5 Study a globe or world map and de 
cide what proportion is covered with water. á 

11-6 Drop an egg in fresh water; then = 
salt until the egg floats. Would the load or Plim- 
soll lines on ships be the same for fresh as for galt 
water? Encourage children to do encyclopedi 
research and other readings on Samuel Plimso™- 

11-7 Study labels on household cem 
bottles. Encourage children to find out abou 
municipal water purification. How do jw 
campers determine safe drinking water? Wha 
chemicals or procedures insure pure water? ^ 

11-8 Is water a chemical? Is water a M” 
eral? Let children discuss and do research t° 
reinforce their ideas and conclusions. 
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Chemistry for children 


CHEMICALS AS ELEMENTS, 
MIXTURES, OR COMPOUNDS 


Everything in the world is made of 
chemicals. Of course, with the word 
“chemical” we mean something different 
from “thing” or “stuff” or “matter.” Gen- 
erally, a chemical is matter whose nature 
and elemental substance are identified, 
that is, we know what it is. In some in- 
Stances such as certain very complex 
chemicals found in living things we might 
not know just what elements make upa 
chemical. Then it is identified by what it 
does, by its Properties. Every day in your 
kitchen or bathroom you use such com- 
mon chemicals as water, sugar, and salt. 
Some chemicals such as copper, silver, and 
gold are made of only one substance. Any 
chemical made of only one substance is 
called an “element.” There are at least 
103 elements, but some of them are very 
rare and others have been produced only 
in a laboratory. Most of the things we use 
are mixtures of elements or compounds 
of elements. Encourage the children to 
make an exhibit to show some of the fol- 
lowing: 


elements 


compounds mixtures 
lead salt baking powder 
iron sugar Paper 
aluminum water soil 
mercury glass cement 
sulfur cookingoil cake 
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What is the difference between 
compounds and mixtures? 


If you mix dry sand and sugar, the chil- 
dren can see these are two kinds of grains. 
With patience one can be separated from 
the other because they are different kinds 
of substances. However, if you sprinkle out 
some salt and ask that the sodium and 
chlorine be picked out, of course no one 
can do it because these two elements have 
combined to make one substance. 


The elements in salt 


As noted above, common table salt is 2 
compound, not a mixture, of two elements 
—sodium, a metallic solid, and chlorine, 4 
greenish gas. To see this for yourself, secure 
several dry cell batteries or portable radio 
A batteries. You will also need a tumbler, 
two glass or plastic vials or test rube 
(available from the druggist), insulate 
bell wire from a hardware store, and two 
carbon rods from dead flashlight cells. Dis" 
mantle the cells until the black carbo” 
rods in the center are free. Hold the ae i 
with tongs or pliers and heat until slightY 
red to drive out residual wax. They jd 
be heated on the open flame of a kitche 
Stove's top gas burners. When cool, vei 
a battery clip (available from an elect" 
cian or a radio shop) to each rod. ent 
Copper wire to each clip. Mix a tumbler 
Saturated salt solution (Fig. 12-1). dud 


Fig. 12-1 


Electrolysis of water. 


test tubes or vials with the salt solution and 
immerse the carbon rods. Holding your 
thumb over the mouth of each tube or vial, 
invert it into the tumbler. Attach the wires 
leading from the clips to a series of at least 
four dry cells. Note carefully (Fig. 12-1) 
how the cells are connected. 

Chlorine gas will form in the tube in- 
verted over the carbon rod connected to 
the positive (center) pole of a battery. 

here is no danger from the minute 
amount of gas formed. The sodium com- 
bines with water to form a weak solution 
of sodium hydroxide (household lye). A 
few drops of phenolphthalein (from the 
druggist) produces no color change in 
Plain water or the salt solution. Added to 
the sodium hydroxide, it turns pink, show- 
ing that a different substance has been 
Produced by the electrolysis of brine. 


The elements in water 


Water, our most important household 
Chemical, can also be separated into its 
two gaseous elements—hydrogen and 
Oxygen. Use the same equipment (with 
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eight instead of four batteries) as for the 
electrolysis of brine (above). Add as much 
sodium sulfate as will dissolve in a glass of 
cold water. (Sodium sulfate is much 
safer than the sulfuric acid usually rec- 
ommended for this experiment.) If possi- 
ble, secure stainless steel knife blades as 
substitutes for the carbon rods. With the 
current on, you will notice that gas bub- 
bles up twice as fast in the tube connected 
to the minus battery terminal (edge of 
the battery) as it rises in the tube con- 
nected to the positive terminal (center of 
the battery). The electrode connected to 
the negative terminal generates hydrogen, 
while that connected to the positive ter- 
minal generates oxygen. To test for oxy- 
gen, light one end of a slender wooden 
stick or swab stick; then blow out the 
flame. While the tip is still glowing, put 
it into the tube where oxygen has been 
collected. Pure oxygen will make the 
glowing tip burst into flame (Fig. 12-2). 
To test for hydrogen, plug the mouth 
of the tube under water with your thumb. 
Remove the inverted tube. Hold a match 
near the tube mouth as you remove your 
thumb. The small “pop” is the typical hy- 
drogen explosion. There is no hazard in- 
volved. Many children are already famil- 
iar with the chemical symbol or formula 
for water—H,O. They may then wish to 
repeat the electrolysis experiment to see 


Fig. 12-2 Test for oxygen. 
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Fig. 12-3 Slow oxidation of iron. 


if hydrogen collects twice as fast as oxy- 
gen. 


Preparing oxygen—an element 


Using common 3% peroxide from the 
drugstore provides a safe and easy way to 
separate the element oxygen from some of 
its compounds. The formula of peroxide, 
H,O,, indicates that each molecule con- 
tains one more atom of oxygen than does 
a molecule of water, H,O. To extract this 
€xtra oxygen, drop iron rust into a test 
tube or pill bottle of peroxide. Lower the 
container into hot water. Oxygen bubbles 
should be released from the peroxide. 

Pour peroxide on a cookie sheet or 
other sheet of metal. Watch oxygen bub- 
bles form. To test again for oxygen (p. 
197) lower a glowing, not flaming, match 
or splint into the air space above warmed 
peroxide in a tube (see above). The glow- 
ing wood should rekindle into a flame, 

Oxygen and oxidation. Wet the inside 
of a test tube or bottle so that iron filings 
will stick when scattered into it. Invert and 
hang in a jar of water to prevent gas from 
escaping (Fig. 12-3). Mark the water level 
inside the test tube with a rubber band or 
wax crayon line. The rusting or oxidation 
of the iron filings will use up some of the 
oxygen in the container, and within a day 
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or two the water level will rise. Since air is 
about one fifth oxygen, the water column 
should have risen about one fifth the 
height of the tube. Stopper the tube with 
your thumb and remove from the water 
bath to measure more exactly. Less than 
this may indicate there were not enough 
iron filings to combine with all the oxygen 
present. To prove that oxygen has been 
used up or nearly used up in the tube, re- 
move your thumb and quickly insert a 
flaming match or splint. The flame will go 
out owing to lack of oxygen. 


CHEMICAL TESTS 


Certain chemicals provide telltale clues 
to their identity or presence. For example, 
you might wish to motivate a study of the 
chemistry of common substances by a par- 
lor trick with starch and iodine. 


lodine and starch color reaction 


Unobtrusively prepare a glass jar of 
cornstarch or laundry starch and hot 
water. Use relatively little starch so that 
the solution will appear clear. Set out in 
plain view on your desk or table, with zi 
dine bottle nearby. Parry the inevitable 
questions of the more observant children- 
Without comment drop a little iodine i? 
the solution and stir, The “water” turns 
blue. The children’s curiosity will pa 
doubt lead them (with your guidance) 9 
filling another jar with tap water and a ic 
ing iodine themselves. The characteris” 
blue color produced when iodine E 
complex with starch is very different a 
the brown tinge that results when iodi 
is dropped into “plain” water. 


Flame colors of elements 


In testing laboratories chemists asked i 
determine which elements are found 
certain substances often begin by folding 
some of the material in a flame. For et 
stance, any substance containing the € 


lent sodium produces a bright yellow 
lame. To show this, dip the end of a 
vooden stick (e.g., swab stick) in water 
and then in salt. Hold over a Sterno flame 
and note the yellow color when the salty 
ip kindles. Boric acid produces a green 
lame, while that of powdered copper ni- 
‘rate is blue-green. Nitrates of strontium 
zive off red color; potassium kindles red- 
dish-purple flames (often masked by the 
presence of sodium or other impurities). 
Your children may have already made 
candles from old candle ends or from 
paraffin melted and poured into double 
Paper cups or half-pint milk cartons to 
cool. Using the same method, add crystals 
of nitrates of copper, potassium, sodium, 
or strontium while the wax is still warm. 
Use one kind per cup or container. When 
placed in a fireplace fire, these give off 
driftwood colors. Straining the wax before 
Pouring makes for clearer colored flame. 


SOLIDS, LIQUIDS, AND GASES 


The same chemicals in different forms 
often have a “Now you see it, now you 
don’t” quality. For example, the children 
See that the familiar liquid, water, also ex- 
ists as a gas—steam—or as a solid—ice. It 
may be important to let children watch a 
kettle boil. Steam is really invisible. What 
We see is water vapor condensing from the 
Steam. Note space between the spout and 
the water vapor. 

The dry ice used to pack ice cream and 
other perishables is carbon dioxide gas 
Pressed into solid form. Secure some and 
let it evaporate in a glass jar covered with 
à piece of cardboard. (Dry ice should be 
handled with tongs.) Do not screw on the 
Jar's cover. Twist a pipe cleaner around a 
birthday candle (Fig. 12-4). Lower it 
lighted into the jar immediately upon re- 
moving the cardboard cover. The carbon 
dioxide gas formed in the covered jar will 
Put out the candle. Later in this chapter 


and especially in Chapter 17, you will 
read how this gas is made from other sub- 
stances. 


Two gases form a solid 


Fasten a small wad of cotton or paper 
toweling to one end of each of two paper 
clips or pipe cleaners. Dip one wad in di- 
lute hydrochloric acid, the other wad in 
ammonia (ammonium hydroxide). Hang 
the clips or wires on opposite sides of a 
glass. A white cloud of ammonium chlo- 
ride should form and eventually deposit a 
visible salt on the inside of the glass. 


Precipitating chalk to form a solid 


An example of chemical precipitation 
can be made with washing soda from the 
kitchen and calcium chloride from the 
hardware store. Children may already 
have seen calcium chloride used to melt 
snow and ice on the sidewalk, to settle 
dust on gravel roads, or to dry out damp 
cellars and closets. Dissolve about an 
ounce in a tumbler of water. Dissolve the 
same amount of washing soda in another 
glass. Pour the solutions, one after the 
other, into a milk bottle or quart jar. The 
heavy white solid which forms is precipi- 


dry ice 


Fig. 12-4 
dioxide. 


Flame-extinguishing action of carbon 
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tated chalk. This is used as a base for face 
powder, toothpaste, and metal polish. 

The hardening of cement and plaster of 
Paris is another example of chemical reac- 
tions forming solids. Make a small batch 
of each to illustrate the need for water in 
this as in many other chemical reactions. 
The children will also note the generation 
of heat. 


Emulsions and colloids 


Many common chemicals such as liquid 
soap, paint, mayonnaise, and the like are 
strictly neither liquid nor solid in form. 
Some of these substances, the so-called 
emulsions or colloids, can be made in class. 

Making soap. Children who are study- 
ing the pioneers will be reliving one ac- 
tivity of early days in helping to make 
soap. It is generally very easy for a class to 
collect enough bacon grease and other fats 
to make a batch of soap. 

To wash the grease, melt and strain into 
a kettle with 2-3 quarts water. Bring toa 
boil, stirring frequently. Cool until you 
can lift off the fat. Repeat once or twice 
more. This removes salt and other sedi- 
ments. 

Select only enamel ware, crockery, or 
iron vessels of about 2 gallons capacity. 
Aluminum is not recommended. Use a 
wooden or stainless steel tablespoon or 
stick for stirring. 

Place the container on the ground and 
let the children watch the process from a 
standing position. This obviates any risk 
of their being splattered by the lye as you 
pour the contents of a can very slowly into 
2 pints of cold water. Stir until all is dis- 
solved. You may wish to use rubber gloves 
and apron for extra safety. The solution 
becomes very hot because of the reaction 
between the sodium hydroxide and water. 
The children should be prepared for this 
part of the operation by a careful study of 
the label on a commercial lye can. One 
teacher reproduces these directions and 
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uses them as the basis for discussion on 
Home Safety as well as science. With due 
precautions and a responsible group of 
children, the activity is well worth under- 
taking. 

As soon as the lye and water solution 
feels lukewarm through the bottom of the 
container, slowly add melted lukewarm 
grease. Stir constantly until the mixture 
becomes as stiff as honey. Add perfume if 
desired and stir about 20-30 minutes until 
the soap becomes the consistency and 
color of divinity fudge. 

Pour into a mold such as a large flat 
Pyrex dish or a box lined with waxed 
paper. Leave until hard enough to cut 
into pieces about 3” square. Then turn 
out on a clean surface to dry in the sun- 
shine. Turn daily and allow to harden for 
about 3 weeks before using. Cut the soap 
so that each child can take home a piece. 

Detergents. The purpose of soap 1? 
laundering is really to emulsify or to sur- 
round dirt particles with a film or emul- 
sion. Detergents make washing easier by 
speeding up the wetting process. This can 
be very simply illustrated. Fill two jelly 
glasses or tumblers partly full of water. TO 
one add a teaspoon of liquid detergent 
and stir. Into the clear water cut pieces 
of white cotton grocery string (Fig. 12-5). 
They float around on the surface. The 
children may suggest recording the time 
necessary for the string to become water 
soaked and sink. Lengths of cord cut into 
the detergent solution become water- 
soaked and sink to the bottom almost at 
once. un 

Mayonnaise. Common mayonnalse D 
another kind of colloid or emulsion. Into ? 
tall thin container such as an olive J^" 
pour 3 parts salad oil to 1 part vinega": 
Shake vigorously and let stand. Very 
shortly the oil and vinegar will sepas 
Add an egg white and shake again. 
time the mixture remains in suspension. $ 

House paint. Ordinary oil paint § an 


other example of emulsion. From a paint 
or hardware store get a small tube of ferric 
oxide or other pigment. From the high 
school science teacher borrow a round- 
bottomed mortar dish and pestle, or sub- 
stitute similar containers. Grind a very 
small amount of pigment with a few table- 
spoons of linseed oil. Add a little turpen- 
tine to make the paint spread. When the 
mixture is thoroughly ground and emulsi- 
fied, apply your homemade paint where 
needed. 

Nicotine spray for plants. 
plants sometimes do poorly because they 
become infested with pests such as aphids 
and the like. Empty tobacco from a cigar- 
ette into about 2 tablespoons of water ina 
tin can. Boil for 5-10 minutes; then filter 
out the tobacco. Add a few drops of liquid 
soap and dilute to make about a cupful of 
Spray solution. The colloidal property of 
soap helps spread the spray and clogs the 
spiracles of sucking insects such as aphids. 
Use an old spray gun or aspirator and ob- 
serve the effect on aphids. Repeat if more 
aphids develop. 


Indoor 


Volatile liquids—solvents 


_ Make some grease spots on paper towel- 
Ing, blotter squares, or cloth squares. Use 
different kinds of household cleaning 
fluids according to the directions (often a 
800d reading lesson). Compare chemical 
contents according to the labels. Try using 
talcum powder or chalk dust on some 
Spots. Observe how powder absorbs most 
of the grease. Compare results of immedi- 
ately cleaning spots with removal after 
24-48 hours. 

Draw a pair of identical circles or 
Squares on the blackboard. Moisten one 
with plain water and one with cleaning 
fluid. Which dries faster? Why use cleaner 
instead of waer? With a medicine dropper 
Place the same number of drops of such 
Solvents as kerosene, turpentine, nail pol- 
ish remover, alcohol, and white gas in the 


Í 
Vt 
string 


Fig. 12-5 Wetting action of detergent on cotton 
string. 


centers of squares of blotting paper. Com- 
pare the speeds of evaporation of various 
chemicals. Be sure to have windows open 
and no flame in the room. (Relate speed of 
evaporation to danger of explosive mix- 


tures.) 
The question of safety in the choice of 


cleaning solvents may arise. Place a tea- 
spoon of carbon tetrachloride cleaner in a 
metal jar top or painting dish. Try igniting 
with a match. Taking necessary precau- 
tions, repeat using only a drop or two ofa 
flammable naphtha-type cleaner. Such 
experiments may motivate careful reading 
and comparison of labels of many other 
chemicals used around the house, for ex- 
ample, insecticides which, because of their 
base, should not be sprayed near open 
fires or hot surfaces. (It might not be out of 
place to discuss precautions for keeping 
ant paste and other poisons out of the 
reach of younger brothers and sisters.) 


Volatile solids—naphtha crystals 
and moth flakes 

Place some crystals, flakes, or mothballs 
in an open dish or box. After a few days a 
reduction in size and amount is notice- 
able. Some children may have watched 
their mothers replace the moth killers 
which have gradually become volatilized. 
If a Pyrex tube is available, heat some 
naphtha crystals over a Sterno or candle 
flame. (Caution: These materials are inflam- 
mable.) Hold the tube with kitchen tongs 
or forceps and rotate slowly to keep the 
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glass from becoming overheated in one 
spot and cracking. Watch how large, 
shining fern-like crystals are deposited 
upon the cooler parts of the tube. 


ACID OR ALKALI? 


Another way of grouping or identifying 
chemicals is to find out whether they are 
acid, alkali (base), or neutral. Most drug- 
stores carry small strips of pink and blue 
paper dipped in litmus solution. The blue 
paper turns reddish if dipped in acids 
such as vinegar, lemon juice, and so forth. 
The pink paper turns bluish when dipped 
in such bases as ammonia, borax, washing 
soda, and the like. Often we use an alkali 
to neutralize an acid. For example, a strip 
of blue litmus paper dipped in vinegar will 
turn red, but if it is then dipped into am- 
monia, it will turn blue again. This is the 
principle involved in neutralizing the 
weak acid of insect bites or bee stings by 
dabbing with ammonia (dilute). Some 
chemicals such as certain salts will not 
change the color of either kind of litmus 
paper. Litmus paper dipped in a solution 
of table salt, for example, will not change 
color. 

Most households include some dry 
acids, such as boric acid powder. Dissolve 
any of these in water and test with litmus. 
Test again, using only the dry acid. The 
children will conclude that water is neces- 
sary in these as in most chemical reactions. 

The juices of certain fruits and flowers 
can be used as acid-alkali indicators. 
Leaves and petals or fruit peelings are 
soaked in water to remove the color. When 
red cabbage is in season, shred some in 
water and heat until the water is deep pur- 
ple. Pour off the liquid into a container 
and add more water to the cabbage. The 
liquid is again drawn off when colored and 
added to the first batch of solution. Satu- 
rate paper toweling or filter paper with 
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the solution and let dry. Repeat the cycle 
of wetting and drying times; then cut in 
small strips and use as litmus paper. Or 
shred some red cabbage in rubbing alco- 
hol. As soon as the alcohol turns purple, 
add some vinegar and the solution should 
become deep red. Pinches of baking soda 
or ammonia make the solution turn green. 
Vinegar turns it back to red. 

Test the school drinking water with lit- 
mus. Test soil samples in solution. Test a 
solution of alum water. Dissolve soap in 
water and test. If the school serves hot 
lunches, the children will be interested to 
observe and certainly to sample the results 
of neutralizing acid (tomato soup) with a 
base (soda). To keep the soup from 
curdling, we add a pinch of soda. If at all 
possible, make a sour milk chocolate cake 
in a school oven or portable oven in the 
classroom. The children will be intrigued 
by making sour milk from evaporated 
milk (diluted with water 1:1) with the 
addition of vinegar (acid). Most good 
recipes show a proportion of 1 table- 
spoon vinegar to a cup of milk. The chil- 
dren will also note that the recipe yo" 
write for them on the board or chart prob- 
ably calls for a small amount of soda, 
whereas most cakes use baking powder. 
The section which follows may help chil- 
dren understand this. 

Before leaving this section, however; 
may be useful to point up the acid re- 
action of many foods with high sugar CO?” 
tent. Yeast cells working in a sugar ja 
tion (as in breadmaking) give an 4€ 
reaction to litmus. The way acid ca? 
erode bone structure may be shown by 
soaking clean chicken bones in cpie 
trated vinegar for several days. Children 
teeth have enamel which is resistant iD 
vinegar. However, if a tooth is left 1? 2 
glass of cola drink, it may dissolve d 
quickly because of the drink's acid gon 
tent. 


it 


CHEMICAL REACTIONS AROUND US 


Many of our daily activities in home 
and classroom are made possible by the 
interaction of chemicals. We tend to take 
these activities for granted, and do not 
think of the individual chemical reactions 
that take place when we use various sub- 
stances. 


Carbon dioxide 


Makes bread rise. Very often a chem- 
ical reaction is necessary to produce a sub- 
stance which is important in our daily 
lives. We depend on the release of carbon 
dioxide gas to make bread rise. Crumble a 
yeast cake in a glass jar. Add a tablespoon 
of sugar and ¥ cup of water. Stir until 
smooth. Within an hour a spongy mass 
full of carbon dioxide bubbles will form. 
The fermented smell is due to the forma- 
tion of alcohol. 

If the glass jar is kept covered and rub- 
ber tubing leads out through a one-hole 
stopper into another jar, you can test the 
Bas being formed to see if it is carbon di- 
oxide (Fig. 12-6). As we saw (p. 69), the 
test for carbon dioxide is whether it will 
turn clear limewater milky. If it is not easy 
for you to secure or make a one-hole stop- 
Per, use a milk bottle and make a hole in 
the cardboard cap just big enough to ac- 
commodate the tubing. 

Baking powder, since it contains bicar- 
bonate of soda, will also release carbon 
dioxide. As a result it is often used instead 
of yeast for breads. Mix dry 1 tablespoon 
of flour and ¥ teaspoon of baking powder. 
Add just enough water to make dough. 
Put some of the dough in a cooking spoon 
with long, preferably wooden, handle. 
(A plain wood handle does not transmit 
heat as readily as metal). Hold over a 
heat source, such as Sterno, a hot plate, or 
€ven a candle. Soon the dough will rise to 
double its size. Take off the top layer of 
dough and notice how soft and puffy the 


mass has become as carbon dioxide 
bubbles formed through the mass. In class 
the children may like to make their own 
baking powder. Mix dry 1 teaspoon of 
soda, 2 teaspoons of tartaric acid, and 1 
teaspoon of cornstarch. Pour in some vine- 
gar and test with a lighted match. If 
carbon dioxide gas is being given off, the 
flame will be put out. 

Making CO, gas. Another way to 
make carbon dioxide gas is with vinegar 
and baking soda. You will need a pop 
bottle, a cork to fit, and a piece of paper 
to make a funnel. The funnel is to help 
you pour a handful of baking soda into the 
pop bottle. Add % cup of vinegar and cork 
quickly but not too tightly. Give the bottle 
a shake or two and then set inside a tin 
can to prevent tipping or breaking. Stand 
back and await results. Very shortly the 
pressure of the carbon dioxide released by 
vinegar from the soda makes the cork fly 
out with a sharp pop. This demonstration 
may well be done out on the playground. 

Carbon dioxide may be collected by the 
water bath method (p. 225) from any of 
the above experiments and tested with 


limewater. 


lime - 
water 


Fig. 12-6 Carbon dioxide production by yeast. 
If the children say the limewater turns milky be- 
cause of CO, in the air, set up another, identical 
container. Its solution may indeed turn slightly milky 
but only after several days' exposure to the air. 
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tissue paper bag 
with sodium bicarbonate 


vinegar water 


Fig. 12-7 Model soda-acid fire extinguisher. Sal- 
vaged teabags are good containers for the soda. 


Extinguishes fire. Light a candle and 
hold it so that a few drops of wax will fall 
in the center bottom of a coffee can. While 
the wax is still soft, immediately shove the 
butt of the candle into the soft wax and let 
the mass harden, anchoring the candle 
upright. Light the candle and pour in a 
glass of saturated solution of bicarbonate 
of soda. Slowly add vinegar. If the candle 
is not too far above the solution level, the 
flame will be smothered. To help the chil- 
dren be sure that the invisible gas—carbon 
dioxide—is responsible, repeat using only 
vinegar or only bicarbonate of soda. Of 
course, the flame will not be extinguished. 

Somewhere in your school the children 
will have noticed one of the large brass fire 
extinguishers which operate because of a 
reaction between soda and acid. Perhaps 
the custodian or local fireman will open 
the extinguisher to show the children 
what is inside—a bottle of acid and a solu- 
tion of baking soda (Fig. 12-7). For other 
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model fire extinguishers (soda acid and 
foam) see Chapter 17. 

Carbon dioxide and mothballs. Put % 
cup baking soda in a gallon jar about % 
full of water. Stir until dissolved. Slowly 
add a cup of vinegar. Soon the water 1$ 
full of bubbles of carbon dioxide released 
from the soda. A couple of handfuls of 
mothballs dropped in sink to the bot- 
tom. Here they become coated with a 
layer of CO, bubbles which makes them 
rise. When they reach the surface, the 
bubbles break, and the mothballs sink to 
become recoated and rise over and over 
again. 


Bases, or alkalies 


Ammonia. Ammonia’s basic reaction 
has already been mentioned (p. 202). In 
common with most alkalies, it is apt to be 
harmful to painted surfaces. With a medi- 
cine dropper try some on samples of differ- 
ent paints and set aside to observe results. 
However, ammonia is very effective 1n 
other ways. For example, compare the 
effectiveness of ammonia, plain wate? 
and soapy water in cleaning a classroom 
windowpane. Note that ammonia water 
leaves no residue on the glass. 

If children carry pocket combs, a 
may wish to watch the emulsifying ee 
of ammonia on natural hair oil and dus 
particles in the comb. Set a comb in à m 
of water to which a teaspoon or two of an 
monia has been added. After 20 minute 
remove and rinse in clear water. 


Bleaching action 


jous 
The chemical change caused by vario" 


bleaching agents is something which ge 
on around us all the time. For yen n 
have you noticed how tea, iced or 777 
becomes light in color when you ? 
lemon? I 
Removing stains. On a household n 
chart, lemon is a frequent suggestion 
stubborn stains. Such a chart is 4 8° 


mine of ideas for introducing chemistry at 
the elementary level. Very often cook- 
books include a chart at the beginning or 
end of the book. Let children write their 
names in ink on paper and cloth and try 
removing the ink stain with such sub- 
stances as lemon, vinegar, milk, onion, or 
household bleach. (Use care with bleach. 
Brush on with an old paint brush and 
avoid splashing.) Color a jar of water with 
a few drops of ink. Note color changes 
when you add a few drops of chlorine 
bleach. 

Old-fashioned ink. Dissolve '4 teaspoon 
tannic acid in 1 teaspoon water. Dissolve 
‘A teaspoon iron sulfate in a like quantity 
of water. Note the color of each solution; 
then observe when you pour the two to- 
gether. The new substance you see is old- 
fashioned ink. Use it to do some writing. 

If iron sulfate is not easily available, use 
any iron compound soluble in water. The 
sulfate is the compound that contains both 
sulfur and oxygen. If you add strong tea 
to iron sulfate solution, you will be correct 
in judging from the result that tea con- 
tains tannic acid. So does hemlock bark, 
used in quantities in the tanneries of 
Pioneer days, 

Magic writing. Let the children use 
the end of a used match or a nurse's swab 
Stick to write their names in milk or lemon 
Juice on squares of bond paper. Try some 
of the various bleaches mentioned above. 
When dry, the name becomes invisible 
until held over a heat source. (A hot plate 
9r light bulb is safer than open flame.) 
The writing turns brown. The problem, of 
Course, is not to ignite the paper while 
heating to produce the desired chemical 
change. 

Bleaching colored cloth and paper. 
Watch what happens to swatches of col- 
9red cloth or paper soaking in dilute 
household bleach. Make a solution of 1 
Cup peroxide and Y? cup of water. Add a 
few borax crystals to make a basic solution 


(test with litmus). Boil some bright colored 
wool for about 10 minutes in this solution. 
Compare color with sample of same ma- 
terial unbleached and wet. Compare with 
another sample bleached in chlorine-type 
laundry bleach. Review safe ways of han- 
dling household bleach. Useful when 
treated with respect. 


Chemical reactions and metal stains 


A consideration of household stain re- 
moval may have led the children to men- 
tion, for example, how aluminum pans 
look almost new after cooking rhubarb or 
tomatoes. Try cleaning aluminum by 
heating water in it to which a little 
vinegar is added. The acid dissolves the 
thin film of stain on the metal. 

Children whose home chore is cleaning 
silver know only too well how egg stains 
silver. Rub a clean, bright silver coin or 
piece of silverware first with the white, 
then with the yolk of hard-boiled egg. The 
children may be able to tell you without 
much help that the yolk makes the most 
stain because of the sulfur in it. To verify, 
bring some powdered sulfur in contact 
with silver. Put elastics around a silver 
coin for a few days and then remove. The 
sulfur used in vulcanizing the rubber 
forms a sulfide film on the silver. 

Clean silver coins with a salt and soda 
solution. Dissolve a teaspoon of each in 
enough water to cover the silver. Use an 
aluminum pan or some pieces of alumi- 
num foil in an enameled or glass pan. 
Bring to a boil and let stand. After a few 
minutes rinse and dry with a cloth. Com- 
pare with results from various commercial 
cleaners. 

Observe the action of brass and copper 
cleaners on these metals. Scrape or sand- 
paper a penny to reveal fresh, clean 
copper. Undertake your own copper plat- 
ing. Get an ounce of copper sulfate from 
the druggist and mix with 9 parts water 
by weight. Allow plenty of time for it to 
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Aiton 


Fig. 12-8 Dust explosion. Scattering the particles 
permits each fragment to be surrounded by air for 
combustion in a high-temperature atmosphere. 


dissolve. Suspend a thoroughly clean iron 
or steel key or old knife blade in the solu- 
tion. If metal is absolutely clean, it will be 
coated with a thin layer of copper when 
removed in about 10 minutes. If the 
crystals of copper sulfate are large, break 
them up using a milk bottle as a rolling 
pin. Small crystals dissolve much more 
rapidly than large ones. 


Chemical change due to heat (cooking) 


Ordinary toast is a good illustration of 
changing something chemically by heat- 
ing. Recalling the iodine-starch test 
(above), dip a slice of toast in a dish of 
iodine water. Then slice in strips so that 
the cross section will show the blue inner 
portion (starch) and the brown surface 
layer of dextrin. Does this show anything 


about the relative digestibility of bread 
versus toast? 


Combustion and chemical change 


Burning wood chips in a tin pie plate 
produces heat, smoke, ashes—all very 
different from the original wood. 

Gas, another useful product of combus- 
tion, may be safely made on a small scale 
in the classroom. Punch a nail hole in the 
center of a coffee can cover. Cut some pine 
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blocks into thin chips. Put them into the 
can and close the lid securely. Set the can 
on an electric hot plate or other heat 
source for 15-20 minutes. Try lighting the 
smoke or gas escaping through the hole. It 
should ignite and burn. When the can has 
cooled, you should find charcoal formed 
in the can. Charcoal is almost pure carbon. 

Dust explosions. Fill a drinking straw 
with 1⁄4 teaspoon of fine cornstarch. Light 
a candle set in a candlestick. Aiming 
away from the children, blow the corn- 
starch at the flame (Fig. 12-8). For a frac- 
tion of a second the cornstarch particles 
ignite. The particles are so small and the 
flame so brief that the experiment is quite 
safe. Here in miniature you have repro- 
duced the type of explosion which can 
occur in flour mills and grain elevators. 
Coal dust in the mines may explode in the 
same way. 

Combustion and carbohydrates. We 
began this chapter talking about commo? 
chemicals such as sugar, salt, and water: 
We took salt and water apart and me 
each was composed of two elements. um 
find out what is in sugar, let us “turn a 
heat on.” Put % cup of sugar in an im 
skillet over low-medium heat. Watch j 
sugar bubble and then turn black. o 
pare the black residue with the charco 
you made in a coffee can (above). P 
writing with fragments of charcoal i 3 
the burnt sugar. Heating cornstarch he 
same way produces the same black shat 
due. The children will begin to n 
that many common chemicals ec et 
carbon, hydrogen, and oxygen, aP 
thus called carbohydrates. , Re- 

Water—a product of combustion. Fou 
membering that water is composed o ae 
of the same elements as in the ah Jn 
drates, some children may wonder ! J^ 
can get water out of sugar, starch, in 
wood chips. Heat a teaspoon of BEER i 
small tin can. Invert a glass over the 


Look for condensation. Invert over a can- 
dle. Heat more sugar, this time holding a 
cool object such as a cold flat iron over the 
can. Especially if you have momentarily 
refrigerated the flat iron, you should be 
able to see drops of moisture condensing 
on the metal. Repeat with cornstarch. 
Flour is 95% starch. Heat flour or a slice of 
bread until it is scorched. Hold close to a 
cool mirror or blackboard. The moisture 
given off shows that water is present in 
starch. Hold a cold iron above a candle 
and note the moisture condensing. Draw a 
parallel with cloud formations which often 
build up over forest fires. Another illustra- 
tion within the experience of many chil- 
dren is the white “smoke” seen coming out 
of automobile tail pipes or factory smoke- 
Stacks. Some may have noticed water 
dripping from tail pipes on cold days. This 
water is condensed moisture from the 
combustion of gasoline. 

Your children have no doubt already 
discovered some of water’s interesting 
abilities as a solvent (see Chapter 11). Ex- 
Perimenting with other chemicals soon 
leads them to see how often water is re- 
quired for chemical action. For example, 
when one mixes cream of tartar and bak- 
ing soda, nothing happens until water is 
added. 


CHEMICAL SUPPLIES 


Most supplies needed for elementary 
Science can be bought at the grocery or 
drugstore. Science supply houses generally 
Sell cheaper grades of common chemicals 
than those available at drugstores. Some- 
times local doctors or hospitals have 
available surpluses of common harmless 
Chemicals. Also children’s chemistry sets 
Can be a source of supply. Here is a list of 
household substances and their chemical 
names, 


alum aluminum potassium 
sulfate 

ammonia ammonium hydroxide 

baking powder „(a mixture) 

baking soda sodium bicarbonate 

cream of tartar potassium bitartrate 

Epsom salts magnesium sulfate 

household lye sodium hydroxide 

iodine iodine tincture 

peroxide hydrogen peroxide 

rust iron oxide 

rotten eggs hydrogen sulfide 


silver sulfide 
calcium hydroxide 
carbohydrate 


silver tarnish 
slaked lime 
sugar, starch 


table salt sodium chloride 
tea tannic acid 
vinegar dilute acetic acid 
washing soda sodium carbonate 
Blueprints 


Blueprinting leaves illustrates chemical 
change while developing awareness to dif- 
ferences in plants. If you live in an urban 
area, check the classified telephone direc- 
tory for blueprinting or drafting firms. 
The paper comes in wide rolls. Perhaps 
the supplier will cut it for you in small 
squares to match the smallest standard 
window glasses. Secure enough panes for 
the children to work in teams of not more 
than three each. Let the children bevel the 
edges of glass with steel wool or emery 
paper or bind the edges with tape. Cut 
cardboard to match the glass. Bind the 
glass and cardboard together along one 
edge with adhesive. Insert blueprint paper, 
sensitive or emulsion side up toward the 
light. Spread material to be printed on 
top, let the glass fall, and set in the sun 
until the paper darkens and turns blue. 
Remove and wash thoroughly in cold 
water. The print will remain more perma- 
nent if you fix it by one rinse in a pan of 
dichromate solution. Add a pinch of 
crystals to a glass of water to make the 
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solution. Rinse the print in clear water 
and pin or hang up to dry. 


Ozalid prints 


Ifozalid paper is available at your blue- 
print suppliers, you can make interesting 
brown prints in much the same way. The 
only difference is that the paper is devel- 
oped by rinsing in weak ammonia water 
rather than plain tap water. 


CAPSULE LESSONS 


12-1 This recipe will make enough tooth- 
paste for two dozen children for a week. 

8 oz precipitated chalk 

2 oz magnesium carbonate 

2 oz powdered sugar 

2 oz sodium bicarbonate 

1 oz sodium lauryl (dodecyl) sulfate 
(ingredient in some detergents) 

20 drops wintergreen or peppermint for 

flavoring’ 

12-2 Ahealth study including the skin might 
conclude with children making their own hand 
lotion. One recipe includes 

20z powdered gum tragacanth 
6 oz ethyl alcohol 

1 medium size crystal of menthol 
pinch of salicylic acid 

2 oz tincture of benzoin 

4 pints water 

perfume! 

12-3 Individualsor teams may wish to make 
their own wall size table of the elements with 
models of simpler elements attached. Chemistry 
and elements also become more meaningful to 
children when they set up a display of common 
elements such as iron, copper, and aluminum 
tied to a chart with colored yarn. 

12-4 Make individual crystal gardens as fol- 
lows: 4 tablespoons each of salt (noniodized), 
water, liquid bluing, household ammonia. Pour 
slowly over brick, coal, clinker, or other porous 
matter. Add food coloring, mercurochrome, or 
red ink for color. 
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Photography 


The whole process of developing and 
printing pictures involves a great deal of 
chemistry. The child who has an interest 
in chemistry and the child who has 
photography as a hobby may sometimes 
join forces to their mutual enrichment 
and enjoyment. 


12-5 If available from the druggist or high 
school chemistry lab, these chemicals coming 
out of solution grow colored crystals as follows: 

blue—nickel nitrate or cobalt nitrate 
brown—ferric chloride 
white—mercurous nitrate 
green—ferrous sulfate 

12-6 These chemicals provide a character- 
istic color when heated in flame tests: 

sodium chloride—orange-yellow 

calcium chloride—violet-red 

strontium chloride— red 

copper sulfate— green 3 

12-7 If you can secure Michael Faraday’s 
Chemical History of a Candle, encourage mene 
prone” child to read and demonstrate some © 
the ideas and experiments described. : 

12-8 Chemistry is involved in the operation 
of every flashlight battery and car battery. 
child interested either in chemistry or electricity 
might produce interesting reports and demon 
Strations for the class on the transfer of chem- 
ical energy to electrical energy. E 

12-9 Chemistry is also involved in naked 
pects of Photography. Many children are "s 
coming interested in photography as a hob A 
Alone or teamed with a friend, these ipn 
interested in chemistry could also do a use r 
and interesting piece of investigation and exp? 
sition to their classmates. 


hools. 
"Science Guide, Schenectady Elementary Sc 


Schenectady, N. Y., 1953. p. 32. 
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Food and nutrition 


All of us who have worked with elemen- 
tary school children will agree that they 
Possess one outstanding characteristic— 
energy, boundless energy. They never 
walk if they can run; they seldom speak 
softly (unless they have secrets to com- 
municate). Even sitting at their desks, 
they are in motion—chewing a pencil, 
tapping on the desk, wiggling a foot. 

All this energy implies fuel. Fuel implies 
burning or oxidation. And fuel for all liv- 
ing things—both plants and animals—is 
food. An objective study of foods and what 
they can do is a real contribution to learn- 
ing. For iflearning is a change in behavior, 
there is ample need for Americans to learn 
better food habits. Many thousand Amer- 
icans starve in the midst of plenty because 
they eat an unbalanced diet. Family food 
preferences are often more of an obstacle 
than a budget to wise food selection. Food 
preferences and prejudices may be illus- 
trated by asking each child to list three or 
four favorite foods and three or four of the 
opposite. A blackboard compilation of the 
lists will show some of the same foods on 
both sides. The children will immediately 
see that food likes and dislikes may havea 
shaky foundation of prejudice or habit. 
You are also aware that a study which 
may produce evidence counter to the fam- 
ily customs must be strictly objective and 
scientific. Here is a golden Opportunity to 
practice the scientific attitude of open 
mindedness, the scientific method of solv- 
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ing problems on the basis of many obser- 
vations and much research. 

There is much evidence to indicate that 
proper nutrition requires that we eat some 
foods of the Basic Seven food groups every 
day. 

1. Milk: One pint or more a day. 

2. Eggs: One or more a day; at least 

four each week. . 
3. Meat, cheese, fish, or fowl: A serving 
a day. . f 
4. Vegetables and fruits: A serving ° 
one yellow and one green vegetable 
and a potato a day. 

5. Citrus fruits (whole or in juice): One 

serving a day. d 

6. Cereals and bread (especially brea 

made from whole grain; spread wt . 

butter or with margarine which co?" 

tains vitamins): Two or three ser" 

ings a day. . 

7. Liquid: The equivalent of s! 

eight glasses of water. : ing 
You may wish to use a grouping involv 
these four food groups: 

1. Milk group: You need 3 to 4 cup 

milk a day. 

2. Vegetable-fruit group: You nee 

or more servings a day. 

3. Meat group: You need 2 or ™ 

servings a day. d4or 

4. Bread-cereals group: You nee 

more servings a day. 

Many of the large food proce 
developed excellent colored chart 


x to 
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d4 
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€ 
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other free materials which you can use in 
a study of foods. For instance, one of these 
companies produces pictures of foods ready 
to cut out and set up to illustrate three 
balanced meals. One bulletin board illus- 
trates the Four Corners of a Square Meal, 
with cutouts of foods rich in proteins, cal- 
ories, minerals, and vitamins. In either 
case, children might make cutouts and set 
up exhibits of a day’s meals. Then check 
what the exhibits show they ate vs. the 
Basic Seven chart. Asking all children to 
keep a daily diet record may put at a dis- 
advantage those whose families have poor 
food habits. And it creates problems for 
those whose vocabulary and spelling are 
weak, Checking the diets of those 
with high attendance records does not 
always prove these children eat the 
right foods. Recall with children how 
keeping classroom pets healthy (Chap- 
ter 2) was also related to a variety of 
food offerings. 

, Keeping weight records may have pos- 
Sible disadvantages in the middle grades 
where the girls grow faster than the boys. 
Girls who are overweight sometimes over- 
Sat because they are emotionally dis- 
turbed. Any emphasis on their obesity 
Only aggravates the difficulty. 

utrition experiments with white rats 
offer children valuable experiences with 
animals and an object lesson in proper 
nutrition. Rats from a hospital laboratory 
are used to being handled and are apt to 
€ free from disease. Try to get rats of the 
Same sex, age, and litter for your experi- 
ments. Keep animals warm and away 
from drafts, Cover the cage overnight and 
ver weekends. Feed milk to a control 
Soup of animals and plain water to ex- 
Perimental subjects (plus a regular food 
let, of course). Weigh food and water 
daily, Keep a careful weight record of 
Sach rat from the time it comes in until 
You return it to the laboratories. There 
are some excellent free pamphlets with de- 


tails on animal feeding experiments. (See 
also Chapter 2.) 

Of all the substances found in foods, the 
following are ones about which elemen- 
tary children should learn: carbohydrates 
(sugars and starches), fats, proteins, vita- 
mins, minerals, and water. Proteins (“grow 
foods") are for growth and repair; sugar, 
starch, and fats (“go foods") are for en- 
ergy; minerals build bones and promote 
general health. Different vitamins have 
different functions in health and growth. 
These will be recapitulated in the section 
on tests for vitamins. 

Plants are our source of starch and 
sugars. Plants also make vitamins (A, B, 
C, E). Minerals such as calcium and iron 
which we get from eating fruits and vege- 
tables are taken by plants from the soil. 
Animals are our source of proteins, fats, 
and other vitamins. Animals get minerals 
from the soil via plants. Animals also get 
some vitamins from eating plants. Here 
we see some of the steps in food chains. 
Help the children see that animals use 
more energy than plants and can store 
less. 

As we have seen (Chapter 11), water is 
the great solvent. Our food has to be liq- 
uefied before our bodies can use it. Our 
chopping box (the mouth) mixes saliva 
with our food as we chew it into small bits. 
There are many juices in our body which 
keep food moist and also dissolve it. Saliva, 
which is partly water, is just one of these 
juices. Our bodies are, in fact, 66% water. 
When our food reaches our stomachs, it 
could not get to our fingers and toes if it 
were not carried through the blood, which 
is 90% water. We can live for a month 
without food, but not more than 3 or 4 


days without water. 


DIGESTION 


Most children can understand they 
need to eat to go and grow. But most chil- 
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Gall bladder 
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Pancreas 


Large 
intestine 
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Appendix m intestine 


Fig. 13-1 The alimentary canal. The children 
should note the number of different organs in- 
volved in digestion and the arrangement permitting 
lateral and horizontal churning of food. (From G. 
Simpson et al., Life, Harcourt, Brace & World, 
1957.) 


dren don’t really understand why parents 
and teachers are forever trying to keep 
them from wolfing their food and from 
rushing around or swimming right after 
eating. Perhaps a little applied science 
will make life easier for both adults and 
children. 

No one has ever been able to build a 
machine which duplicates all the com- 
plex processes of digestion in the body. For 
a long time doctors could only guess what 
went on inside the stomach. Then a 
hunter, with his stomach wall acciden- 
tally shot away, was taken to a doctor 
who persuaded his patient in the interests 
of science to permit observations of what 
happened inside his stomach. Among 
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other things doctors discovered that the 
man’s emotions had a great deal to do 
with the digestive process. If he was angry 
or upset, his stomach reacted in such a 
way that food might be only partly proc- 
essed or not at all, thus causing indiges- 
tion. They found that the stomach has no 
way of grinding food. Food is churned by 
two kinds of muscle motions—lengthwise 
and crosswise. 

Thus the children can see how hard 2 
time their stomachs will have if food is not 
ground into small pieces in the mouth by 
the teeth. Let children try grinding some 
food, as between stones Indian-fashion. 
Compare the rates of changing starch to 
sugar in ground starch lumps dissolved 
in saliva solution and in whole starch 
lumps dissolved in saliva solution. . 

The usual stomach temperature is 100 
F. The temperature goes up during exer 
cise and down during sleep or rest. Let the 
children discuss the relation of stomach 
temperatures to activity and rest. Let them 
conclude why food should not be too hot 
or too cold when it passes into the stom” 
ach. . 

Let the children deduce the role of dif- 
ferent organs in food intake and digestio? 


the mouth takes in the hopper 
food 

the teeth grind 

the tongue mixes food 
with saliva 

the muscles push food 
through esophagus 
into stomach 


the grinders 
the mixers 


the convey 
belt 
Food cannot be digested until om 
ground up and liquefied. Recall €^, 
children that not all parts of food can i 
digested. Some food leaves the bok n 
solid form, some in liquid form. (See 
13-1.) . 
As we have seen, food is physic? 
changed by chewing and liquefying vk 
mouth. Chew a soda cracker slowly 


lly 
e 


thoroughly. The cracker gradually be- 
comes sweet as the saliva converts the 
starch to sugar. Starches begin to be 
chemically changed to sugars by the ac- 
tion of saliva. When they reach the stom- 
ach, starches continue to change and pro- 
teins begin to be chemically changed also. 
If you can secure small amounts of dilute 
hydrochloric acid and pepsin, you may 
wish to demonstrate chemical changes in 
Proteins. Place samples of different types 
of protein foods in hydrochloric acid and 
Pepsin and observe the results after 24 
hours. The protein is broken down, 
changed and in part liquefied. 


OXIDATION OF FOOD 


Robert Frost’s poem about the wood- 
Pile describes the “slow smokeless burning 
of decay.” This is the poet’s way of de- 
Scribing slow oxidation. We can illustrate 
slow oxidation with the aid of some steel 
wool (plain, not a treated scouring pad) 
and an olive jar. Wash the steel wool in 
detergent and rinse well; shove it to the 
bottom of the jar. Invert the bottle and set 
in water (Fig. 13-2). In about a week the 
iron in the steel wool will have rusted. 
This combination of iron and oxygen from 
the air is called iron oxide or rust. Since 
air is about one fifth oxygen, water should 
have risen about one fifth the height of the 
bottle. At the start of the experiment mark 
the water level with a rubber band or 
crayon mark on the glass. Compare with 
the water level after rust has formed. In- 
Vert the same size container over a burn- 
ing candle standing in water. The candle 
will use up oxygen inside the jar until it 
80es out, and water will rise to replace the 
Oxygen. 

If the place and the season permit, se- 
Cure a bushel or so of fresh grass clippings, 

Tesh cut hay, or fallen leaves. Pile in a 
Warm moist place. Feel with your hand 
nd notice that the temperature inside the 


heap is usually warmer than the outside 
air. Better yet, take some temperature 
readings. Put the thermometer into the 
middle of the pile. Recheck the tempera- 
tures in about a week. Perhaps the chil- 
dren will have noticed condensation of 
water vapor above a pile of leaves or grass 
cuttings. Why does this happen? Farmers 
know that heat is formed inside a pile of 
fresh manure. Sometimes if hay is put in 
the barn too green and without proper 
curing, the heat generated is sufficient to 
cause spontaneous combustion and set fire 
to the barn. 

The body is an unusual machine in its 
ability to oxidize or use fuel at relatively 
low temperatures. The slow oxidation of 
sugar produces a temperature higher than 
normal in the body. However, evapora- 
tion of moisture through the sweat glands 
keeps the body near 98.6° F (normal body 
temperature). This varies a few tenths ofa 
degree. It is usually higher with children. 

A simple experiment will show slow ox- 
idation of food at low temperatures. Se- 
cure two clinical or laboratory thermome- 
ters to insert in one-hole stoppers that fit 
two small Thermos bottles. Be sure to 
shake down to a low reading. Put %2 cup 
of dried vegetable seeds (peas, beans, 
squash, radish) in one bottle, the same 
amount of soaked seeds in another (Fig. 
13-3). Each Thermos should be about one 
fourth full of seeds. The thermometers 


steel wool 


original 
water line 


Fig. 13-2 Slow oxidation of steel wool in air. 
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thermometer: 
rubber stopper 


Thermos bottle 


soaked seeds 
dry seeds 


Fig. 13-3 Slow oxidation of food, producing 
heat. 


should not touch the seeds. Do not stopper 
tightly, as germinating seeds expand. The 
temperature reading for the Thermos of 
soaked seeds should be higher because of 
the oxidation process started by soaking 
the seeds. Read at the start and again at 
intervals of a few hours for 24-48 hours. 


CALORIES 


A study of foods is sure to bring up the 
term calories. A calorie is a unit of meas- 
ure to indicate the energy value of dif- 
ferent foods. Scientists define a calorie as 
the amount of heat needed to raise the 
temperature of 1 gram of water 1 centi- 
grade degree. One centigrade degree 
equals 1.8 Fahrenheit degrees. Heat 1 
gram of water so that its temperature is 
raised just less than 2 Fahrenheit de- 
grees; you have thereby demonstrated 
how one scientist's calorie is expended. 

The nutritionist's calorie is a “giant” 
unit equal to 1000 of the scientist’s calo- 
ries. Hence to show one food calorie you 
will need to raise the temperature of a 
quart of water (approximately 1000 
grams) nearly 2 Fahrenheit degrees. 

Some children may wish to make their 
own calorimeter. This requires two tin 
cans, a laboratory thermometer, a but- 
ter candle, and a stone or weight to hold 
down the inner can.(See Fig. 13-4.) For 
the butter candle use any kind of fat 
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(butter, suet, lard, meat fat) in a fro- 
zen orange juice can or similar container. 
Use soft cotton string for a wick. Ig- 
nite the candle and measure the rise in 
water temperature. If you use a quart of 
water, every 2-degree (F) rise indicates 
a calorie of energy given off by the little 
candle. If you measure the water with a 
graduated cylinder or other container 
marked in milliliters (ml), the children 
can more accurately measure the number 
of giant or food calories given off by the 
candle. For instance, if the quart of water 
reaches a temperature 10 F° higher, they 
know that the candle released approx! 
mately 5 giant calories. However, this 
total heat loss is difficult to measure with 
simple apparatus. What our calorimeter 
really indicates is the amount of heat 
being absorbed by the water. 1 
Sixth graders are estimated to need 

calorie per hour per pound body weight. 
Let each child figure his daily (24 hours) 
caloric need. For example, a 100 poun 

boy would need 24 x 100 = 2400 calories. 


f 


Ihermometer—»| Hstirrer 


sula" 
Fig. 13-4 Simple homemade calorimeter = P 
tion surrounds the inner can, which ai oi 
water. (From A. Joseph et al., A Sourceboo 61-) 
Physical Sciences, Harcourt, Brace & World, 


(This, of course, varies with the individ- 
ual.) Using tables showing the number of 
calories in different foods, let children 
figure the total daily intake from foods 
eaten. 


THE HUMAN BODY AT WORK 


One of our over-all objectives for ele- 
mentary science is to develop appreciation 
for the world and the living things in it. 
Using a study of foods as a vehicle, we 
hope to come out with children having 
greater understanding of their own bodies 
and more knowledge of how to take care 
of them, 

You may initiate such a study by asking 
children to count the different things their 
bodies do in one day. For example, we 
May hear the alarm clock in the morning, 
open one eye, and look at the clock, 
hoping it may be a mistake. It is not. We 
lift off the covers, slide one foot out, and 
Step into a slipper. 

Some teachers like to use the analogy of 
a machine to initiate the study. For ex- 
ample, you may ask the children to guess 


a riddle patterned after the following 
lines:: 


i am the best machine in the world. 
can lift things. 

1 can remember things I do. 
can change a glass of milk into part 
of me, 

I need Something to make me go, and I 
can get it myself. 

I can repair myself. 
Can think and figure. 


ere are millions of machines like me. 
hat am I? 


While the human body is like a ma- 
“nine in some ways, it can do many 
dip a machine cannot. It can guide it- 
m It can think. It can repair itself. Al- 

ough both require air to burn their fuel, 


: 
tea Beauchamp, W. L, et al., Discovering Our World, 
Chers ed., Book I, Scott, Foresman, 1952, p. 67. 


and both give off wastes, perhaps our bod- 
ies are more unlike engines than like them. 
For example, our fuel is burned at fairly 
low rather than high temperatures. Our 
fuel is burned in cells all over the body, 
not in one place. Our bodies can grow 
larger. Engines cannot. Scientists still do 
not wholly understand how our bodies re- 
pair themselves. 

Our bodies are always at work. For ex- 
ample, even when we are asleep, our 
hearts keep pumping, our diaphragm and 
chest muscles keep us breathing, and our 
digestion continues. Even in a machine 
age, our bodies do a surprising amount of 
work in a day. By work we mean motion, 
and every motion means using muscles. 

Let the children double up their fists to 
illustrate the approximate size of their 
hearts. Let one of them demonstrate heart 
action by immersing his fist in water and, 
by squeezing, squirting water between his 
thumb and forefinger. At the rate of 60 to 


KA 
screw eyes 


Fig. 13-5 Model of the arm. Halloween cutouts 
of the body skeleton may also be used. Tendons in 
a chicken leg can be pulled or relaxed to show how 
claws open and close. (From UNESCO Source Book 
for Science Teachers, UNESCO, 1956.) 
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70 times per minute, how long is it before 
the hand get tired? Yet the heart does 
much more work night and day, and its 
only rest is the pause between pulses. 

We have all watched boys invite their 
friends to feel their arm muscles. And jun- 
ior “muscle men” are often the acknowl- 
edged leaders through the middle grades. 
Some of these boys may enjoy making a 
model of the arm and its muscles (Fig. 
13-5). Muscles get tired because of too 
much lactic acid, a waste product. Rest 
permits the excess wastes to be carried 
away, broken down, or absorbed. Muscle 
is rebuilt by eating foods rich in protein, 
minerals, and water. Diet for athletes in 
training is often rich in such protein foods 
as meat, eggs, cheese, fish, yogurt, and 
milk. Elementary grade children are still 
growing, and protein foods help children 
grow. 


FOOD TESTS 
Proteins 


The bad odor (burnt hair, burnt feath- 
ers) produced by burning proteins is a 
simple but not wholly desirable test for 
proteins in common foods. Another test 
involves making a very dilute (3%) solu- 
tion of copper sulfate. Use it with house- 
hold ammonia. You will need to add only 
a few drops of each to some milk in a 
tumbler or jar. The chemical reaction 
should produce violet milk. Other foods 
to be tested for protein will first have to 
be made into a water solution before the 
copper sulfate and ammonia are added. 
Cooked foods test more readily than raw 
foods. A variation of the test described 
uses a medicine dropper of household 
ammonia. 

Here is how to detect the presence of 
starch in wheat flour. Make a stiff paste 
using about a pint of flour. Knead for 
about 10 minutes and then put into an 
old sugar bag or piece of cheesecloth. 
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Continue kneading under water, rinsing 
until little milkiness remains. The milky 
water should turn blue with the addition 
of household iodine, showing the presence 
of starch. The gluten remaining inside the 
bag should show protein when tested with 
copper sulfate and ammonia. 

Show that lean meat (muscle) is mainly 
protein. Test a candy bar for protein. 
Show by high school science charts of mus- 
culature that our bodies, other than bone 
and water, are mainly protein. Lead the 
children to conclude the importance of 
enough protein foods for adequate muscle 
growth and general development. 

Older children may separate a bottle of 
milk into its component nutrients as fol- 
lows. Secure a pint bottle of raw or non- 
homogenized milk. Let it stand in the re- 
frigerator until all the cream has come to 
the top. Remove this carefully. It contains 
the fat which was in the milk. Heat the 
rest of the milk until lukewarm. Add white 
vinegar, a few drops at a time, stirring 
until the milk curdles. Remove the soli 
part (curds) from the liquid (whey) by 
filtering through paper toweling fitted ei 
side a funnel (Fig. 13-6). The cure” 
called casein, should be tested for pus. 
Casein has many commercial uses. Tt! 
used in glue and in making plastics 2? 
buttons (most buttons are casein piane 
Now bring the whey to a boil. Light cur : 
called milk albumin should appear. Thes 
also can be filtered off and should be ane 
for protein. Next the filtrate (the liq" 
that passes through the filter) from ae 
milk albumin should be evaporated. p 
double boiler and leave the top off- 
water boils off the solution, milk su 
deposited on the bottom of the vesse” i 
tastes sweet. Test it for sugar by pet 
with water. Drop in a sugar test e: 
such as Clinitest. Clinitest tablets P9“ o 
an easy way to test for sugar. Try "If 
match-like Clinistiks. The tips turn oo 
in the presence of simple (glucose) sug 


gar js 


Druggists sell these together with color 
charts for diabetics to do their own sugar 
testing. The tablets make a blue solution. 
In the presence of sugar, the solution turns 
brick red. This color means a 2% sugar 
content; yellow means 1%; greenish means 
4%. No heating is necessary. 

It is interesting to note that these ex- 
periments show milk is indeed the perfect 
food. It contains fats, proteins, and car- 
bohydrates (sugars) in about the propor- 
tion needed for proper nutrition. It lacks 
only iron and vitamin C. 


Fats 


Athletes may need protein for muscle 
growth and repair, but they do indeed 
need other nutrients from food for energy. 
Carbohydrates (sugars and starches) and 
fats are our best sources of energy. For en- 
ergy we must eat foods that will produce 
heat in the body. Everybody knows that 
fats Produce heat when they are burning. 
Fill metal bottle caps with a variety of 
fats and oils, using soft cotton string for 
Wicks. You may be surprised how long 
these will burn and how much heat they 
will give off. Secure a 100-watt bulb and 
x the children hold their hands near it to 
cel the heat radiated. The body as a 
Whole releases energy at about the same 
rate, 

b One of the commonest tests for fat may 
€ illustrated by placing a dab of lard on 
Some paper. Warm the paper over the ra- 
Viator or other heat source. Notice how 
t * oily spot becomes more and more 
Tanslucent. In general, oils come from 
P anta, and solid or semisolid fats come 
om animals (although some commercial 
BS are made from plant oils). Anything 
faving a translucent grease stain on paper 
Contains fat or oil. 
Mo more interesting test, which actually 
Nee fats or oils, requires carbon tetra- 
^ Pip (Carbona). (Caution: Do not in- 
ate fumes.) Do this test outdoors. Pulverize 


Fig. 13-6 Separation of milk into its components. 
Fit the folded paper inside a funnel, and pour be- 
tween the first and second folds. 


some nut meats and immerse in solvent. 
Leave for several hours or overnight. Fil- 
ter the solution and pour the filtrate (liq- 
uid) into a shallow dish to evaporate. The 
residue will be oil or fat. A variation in- 
volves crushing the food and placing it in 
a tumbler of water. Watch for the oil film 
on the surface. 

Nuts will provide another interesting 
illustration of energy in food. Secure but- 
ternuts, walnuts, or whole peanuts. Mount 
each on a long needle. Imbed the eye of 
the needle in a cork to hold the needle 
upright. Place allon a metal pan for safety. 
Ignite each nut with candle flame. Ifyou 
use a Brazil nut, it proves its high fat con- 
tent by burning longest with the largest 
flame. 

Look at a drop of milk mixed with 
water under the microscope. You should 
be able to see the small ball-like droplets 
of fat. These collect to form cream. 


Sugar and starch 


Sugar and starch are also regarded as 
energy foods. If this is so, they must give 
off heat. Here is a way to find out. Lay a 
stiff piece of paper across the open end of 
a tin can. Do this near the sink. Put a 
teaspoon of sugar on the paper and light 
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the paper. First the sugar will look as 
though it were boiling. Then it will make 
a blue flame. Do the same thing with 
cornstarch. Both sugar and starch burn 
and both give off energy (heat). Or place 
a sugar lump in a cooking spoon with a 
long wooden handle. If you coat the lump 
first with fine ash as from a cigarette, it 
will ignite more easily. Hold the spoon 
over heat (candle, Sterno, alcohol lamp). 
The sugar will melt and then ignite. All 
carbohydrates (e.g., wood) release water 
vapor when they burn. To see this, hold 
a mirror above the flame. If cool enough, 
the mirror will condense the water vapor 
released in burning. Repeat the experi- 
ment with dextrose obtained from a drug- 
store. 

Burn bread (in the same manner), and 
again test for water vapor. Have children 
breathe against a cool mirror. The slow 
burning of energy foods in our bodies also 
releases water vapor and carbon dioxide. 

The simplest test for sugar is tasting. 
Dip a toothpick in sweetened water and 
touch various parts of your tongue. You 
will find that your taste buds are not 
equally distributed over the surface. Lo- 
cate with the aid of a mirror the most 
taste-sensitive regions. 

The chemical tests for sugar are, in gen- 
eral, effective only with simple sugars such 
as are found in raisins, fruit juices, and 
brown sugar. In the body, complex sugars 
are reduced by saliva in the mouth and 
enzymes in the intestines. Compare the 
rates of reducing complex sugars in ground 
sugar lumps dissolved in saliva solution 
and in whole sugar lumps, dissolved in sa- 
liva solution. Apply saliva to a sugar lump, 
and after an interval test for sugar as de- 
scribed above. 

Test lemon juice for simple sugars. It 
will show as much color reaction as a 
sweet orange. Lemons are sour because 
the sugar flavor is screened by the high 
citric acid content of the lemon. 
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To remove sugar from foods, boil and 
filter. When the filtrate evaporates, a 
small residue of sugar will be left. 

Drop some household iodine on a 
cracker. The iodine immediately turns 
from brown to blue. Try the iodine test on 
other foods. Dip a matchstick in iodine 
and write a name on a slice of raw potato. 
Note how the name becomes dark blue. 
Test fruits for starch content. In many 
fruits the starch changes to sugar as the 
fruit ripens. Illustrate this by assembling 
some fruit such as apples in different 
stages of ripening. The apples which show 
most starch in reaction to iodine are the 
green apples. t 

Try dissolving some sugar in water. (0) 
course, it does so easily. Help the children 
relate what they see to the use of sugar for 
“quick energy” and for that purpose only. 
Because sugar dissolves easily, it is quickly 
carried to parts of plants or animals where 
energy is needed. 

Starch tests will show the children 
a large number of foods contain starch. 
Does starch dissolve as well as sugar 
Compare a teaspoon of starch ina ime 
bler of water and a teaspoon of suga” H 
a second tumbler of water. Stir well} 
each case; then let stand. Filter apt 
each solution into other tumblers: jt 
the sweet taste go through from the wet 
solution? Test the filtrate from the sta” 
solution with iodine. : 

Make a starch paste by following vost 
tions on the cornstarch box or as jt p 
Mix a tablespoon of cornstarch with 4 "e 
of water. Heat to boiling, and then ail 
for 10 minutes. Stir constantly to pr in 
burning. Put a tablespoon of the very jari 
paste in two jars. Add saliva to one ^. 
add a teaspoon of water to the nee eck: 
in a warm place for an hour and e the 
Saliva changes the starch to sugar an jain 
paste dissolves. The paste wit 
water remains the same. d for 20 

Let some pieces of cracker stan 


what 


direc” 


minutes in saliva. Add Benedict’s solution 
(obtainable from druggist or scientific 
supply house). Boil. You should have an 
indication of sugar in the color reaction. 
Saliva contains an enzyme, plyalin, which 
changes starch to sugar. Other enzymes in 
the small intestine continue changing 
Starches to sugars. Secure from a druggist 
inexpensive digestant tablets containing 
such enzymes as papain and pepsin. Papain 
Is also found in meat tenderizers (e.g., 
Adolph's). Add a crushed tablet to one 
Solution of food, e.g., some ground beef in 
water. Compare in a half hour with a con- 
trol solution of the food being tested in 
water. By the next day the ground beef in 
solution with enzyme will be nearly lique- 
fied. 

In the same manner, plants that store 
starch in their roots have to change the 
Starch into sugar before they can use it. 
For example, parsnips dug in the fall are 
rather tasteless. By spring they are sweet 
and tasty. During their first summer, pars- 
Nips store starch in their fleshy roots. 
Toward the end of winter, this starch 
begins to change to sugar so that by spring 
the sugar can be carried up into the 
Stems and leaves. Parsnips use this energy 
food to make flowers and seeds. Parsnips 
are biennials, plants that make enough 
food during the first year of their lives to 

oom the second season before they die. 

Dissolve cornstarch in water. Add a 
drop or two of iodine. You should get a 
blue solution. Make your own starch from 
raw potatoes. Grate several and make a 

ag around the pulp with a piece of old 
sheet or sugar bag. Dip the bag several 
times in a little water to wash out the 
Starch. Filter the milky liquid. Starch will 
* retained by the filter. Spread this out to 
Ty in a flat pan near heat. 


Vitamins 


h You could eat all the food you could 
old and still starve. Everyone needs the 


different vitamins found in different foods. 
This is another reason we spend so much 
time helping children learn by heart the 
Basic Seven food groups. Let children 
practice making cutout meals which in- 
clude foods containing each of the four 
vitamins—A, B, C, and D. The children 
will discover that no one food contains all 
the vitamins. They will note which vita- 
mins are listed on the wrappers of cereal 
and other foods and will begin to look 
carefully at the labels on bottles of vitamin 
pills. Such an activity will soon show them 
that vitamin pills differ considerably in 
the relative amounts of different vitamins 
and minerals (e.g., iron). 

Testing for vitamins helps children 
understand that vitamins are real sub- 
stances —are chemicals. For vitamin C, 
use ordinary iodine diluted in 100 parts of 
water. Dilute 1 drop of 10% ascorbic 
acid (from the druggist) in 20 drops of 
water. Add iodine. The brown color dis- 
appears completely, leaving the liquid 
clear. The more vitamin C contained in 
the substance you are testing, the quicker 
the iodine color will disappear. 

Or mix 10 drops of boiled starch and 
1 drop of iodine in a half glass of water. 
Add forms of citrus foods until the blue 
color disappears. Be sure to have the chil- 
dren test some foods which you know do 
not contain vitamin C, as, for example, 
proteins or fats. 

Testing for vitamin A should be done 

only by the teacher. Dissolve a pill con- 
taining vitamin A in '4 ounce of carbon 
tetrachloride. (Caution: Do not breathe the 
fumes.) Then with tweezers drop in one 
crystal of antimony trichloride obtained 
from a high school science laboratory or 
chemistry set. (Caution: Do not handle crys- 
tals except with tweezers.) If much vitamin 
A is present, the white crystal will turn 
deep blue; if there is only a small amount 
of the vitamin, the crystal will turn light 
blue. 
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Minerals 


Burn a small square of bread until it 
turns to ash. Notice how the black carbon 
turns to light grey, indicating the presence 
of minerals in bread. Most foods contain 
minerals that are important to the body. 

Many children know that iodine is 
needed for proper functioning of the 
thyroid gland. To make up the deficiency 
of iodine in the water and soil in certain 
regions (the “goiter belt”), salt companies 
sell iodized salt. Show the children how to 
test for iodine in salt. Fill a test tube one 
quarter full of dry cornstarch; add the 
same amount of salt. Wet the salt by 
adding a little household bleach. If the 
salt is iodized, a dark blue-black dividing 
line will form between the salt and the 
starch. 

Calcium and phosphorus are necessary 
minerals for bone growth. Using the cap- 
tion How Are These Alike?, pin up to your 
bulletin board an outline of the human 
skeleton (of the kind often sold for Hal- 
loween decoration) and a picture or 
sketch of the framework of a modern 
building. Children who want to be tall 
athletes or airplane pilots should know 
what foods are needed to build a good 
body frame. Ask the children to bring in 
some poultry bones. Chicken drumsticks 
are fine. If necessary, boil and scrape 
them clean of any adhering muscle tissue 
or ligaments. Place in a jar. Cover with 


CAPSULE LESSONS 


13-1 What animals have no teeth (e.g., hen 
earthworm)? How do they pulverize food for di- 
gestion and absorption? If possible, let children 
see the teeth of different animals and relate 
them to food habits, e.g., grinding teeth of herbi- 


vores (plant-eaters), tearing teeth of carnivores 
(flesh-eaters). 


, 


13-2 To show how bile emulsifies fats and 
oils in the intestine, let children Observe the ac- 
tion of soap on mixtures of water with household 
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concentrated vinegar, screw cap on 
tightly, and let stand. After several days 
the bones should be rubbery enough to tie 
into knots. The vinegar, of course, has dis- 
solved the calcium in the bones. Some 
children do not think of bone as living or 
growing tissue. Ask the butcher to saw off 
for you a cross section of bone which will 
show marrow with blood vessels. Let the 
children plan make-believe meals or list 
the foods rich in calcium and phosphorus. 
They will soon find that milk is the best 
source of both these minerals. Review the 
feeding experiment in which milk was 
given to the experimental rat(s) and no 
milk was given to the controls. Make 2 
bulletin board of pictures of animals 
which should eat calcium and phosphorus 
foods. The children will find that all Ani 
mals with bony skeletons need such esi 
The invertebrates do not. Help the chil- 
dren understand why the first food ° 
young mammals is mother's milk. 

Since your children probably liste 
radio and watch TV, encourage them t? 
do so with discrimination. Ask them tO 
listen for food advertising and to ene 
down the claims, the slogans, and prop? 
ganda for each brand. The gom 
findings can then be evaluated in class re 
cussion. Some of the fantastic appeals ? 
revealed for what they are in the ©° 
light of objective analysis. 


n to 


ith 
fats and oils. Shake the fat or oil together "^ 
soap solution, and note how fat globules es 
rounded and separated by the emulsifying 
soap. 


e sure 
gent 


ə Not any 
d of meas 
p of es& 
f many 
nstrat^ 


13-3 Do you really eat calories 
more than you eat inches, another kin 
ure. One and one-half lb of sugar or 4! 
would supply the daily caloric needs © 
Let children prepare an exhibit to PRESE 
this and explain why neither would make 


diet. They may wish to investigate and explain 
sex differences and occupational differences in 
calorie needs. 

13-4 Let children dramatize Dr. Lind's dis- 
covery of the cure for shipboard scurvy and why 
British sailors are called “‘limeys.” 

13-5 Let children report on an exhibit of 
supplementary vitamins. Discuss the importance 
of reading the labels with care and comparing 
the relative proportions of various vitamins 
(arithmetic and reading). Let children show the 
right and wrong ways to cook with respect to 
Preserving vitamins. 

13-6 Clarify differences between vitamins 
and minerals in food by following up 13-5 with 
an exhibit of minerals necessary for health, e.g., 
iron, calcium, sodium, potassium, sulfur, magne- 
slum, iodine, fluorine. 

13-7 To show the importance of soil miner- 
als for growing food plants, wash an amount of 
Soil five or six times in hot water to leach out 
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Breathing 


Like any other machine which does 
work, our bodies need fuel, and that fuel is 
food which is converted into energy by 
burning. Burn a teaspoon of sugar or 
starch on a piece of stiff paper. The heat 
and light are energy from the sugar and 
starch. 

Burning requires air, specifically the 
fraction of air we call oxygen. In our 
bodies this burning or oxidation of the 
food we eat takes place slowly. Even in 
cold-blooded animals such as frogs and 
toads the body sugars are oxidized into 


glucose at body temperatures even below 
50° F. 


HOW ANIMALS BREATHE 


Before children understand what it is 
we take from air when we breathe, they 


) 
y 
te AAN 
Fig. 14-1 Mosquito wigglers (larvae of Culex 


mosquitoes) breathing through tubes at the surface 
of the water. (Hugh Spencer.) 
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first will want to know how we go about 
the business of breathing. We have a 
much easier time of it than do many crea- 
tures. The nymphs or larval form of many 
water insects must breathe through gills in 
their tails. Mosquito wigglers breathe 
through tubes they stick up above water 
(Fig. 14-1). Fish have gills (Fig. 14-2A). In 
order for the interchange of fresh and used 
air to take place through the gills, the fish 
must continually open its mouth. One in- 
teresting little water spider breathes 
underwater by carrying an air bubble 
down with it. When this is used up, the 
creature comes up for more. 

Frogs literally spend their lives swallow- 
ing air. They have nostrils (Fig. 14-2B), 
but their throat pulsation, which reminds 
one of a nervous boy's Adam's apple, 35 
part of the breathing mechanism. 
Although tadpoles breathe through gills, 
frogs breathe through lungs. A slit in the 
mouth connects the mouth to the lungs 
through a windpipe. We draw air into our 
lungs as our rib case expands. Frogs can- 
not do this. By lowering the floor of the 
mouth, they draw in air through the nos- 
trils. The nostril flaps close, the floor of the 
mouth rises, and air is forced into the 
lungs. Encourage children to watch this 
action in a frog. The children should now 
see why both fish and amphibians would 
smother if their mouths were kept closed. 

To help children understand how a fish 
breathes, run a glass of water from the taP 


operculum (gill cover) folded back 
dorsal fins 
caudal fin 


nostrils 


mandible 
gills 

pectoral fin 

ventral or pelvic fin 

lateral line of sense organs 


(a) 


scales 


(b) 


Fig. 14-2 (a) A fish. The gills, like animal lungs, 
are bright red because of blood vessels close to the 
Surface to permit absorption of oxygen. (b) Frog 
mouth, Do not confuse frog breathing motions with 
the expansion of the throat resonator sac during 
spring “vocalizations.” Air can be pumped into 
this resonator sac through the vocal sac opening. 
(From Ella Thea Smith, Exploring Biology, 4th ed., 
Harcourt, Brace & World, 1954.) 


and let children count and time the 
bubbles which collect inside the tumbler. 
These bubbles are formed from air dis- 
Solved in the water. Fish gills are always 
bright red because the blood is just be- 
neath a thin skin. Oxygen from air dis- 
solved in water moves through this thin 
membrane into the blood stream. 


PLANTS BREATHE TOO 


Animals need much energy in or 
move about as well as to maintain body 


der to 


processes. Plants need less energy becausé 
they do not move about. But like animals, 
they also need the oxygen in air to convert 
their food supply into energy. That plants 
cannot ultimately'live without air may be 
demonstrated by germinating seeds with 
and without air (Fig. 14-3). Soak seeds 
such as peas, beans, bird or grass seed 
overnight. Fill two bottles half full of 
cotton or soil. Put in seeds so they can be 
seen through glass. Add a little water. 
Tightly cork one bottle and seal with 
candle wax or paraffin. Leave the other 
bottle open. Put in a warm dark place for 
2 or 3 days. Check daily and replace 
water evaporated from the open bottle. 

Which bottle shows first seed germina- 
tion? Which bottle shows best germina- 
tion? How long until the airless seedlings 
die? (See also pp. 213-14.) 


LUNG MODELS 


In order for children to understand the 
mechanism of breathing, it may be useful 
to construct some simple models of the 
lung cavity and diaphragm. You will need 
a lamp chimney, a one-hole stopper, a 
plastic feeding tube, a rubber ballon, rub- 
ber sheeting or Pliofilm, and some elastic 
bands. Attach the balloon with rubber 


Fig. 14-3 Seed germination with and without air. 
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Fig. 14-4 Simple breathing model. 


bands to one end of the feeding tube. In- 
sert tube into stopper and stopper into top 
of chimney. If a one-hole rubber stopper 
is not available, make one from a Thermos 
cork. The tubing will slip into the stopper 
hole more easily if wet. The rubber sheet- 
ing stretched across the base of the chim- 
ney simulates your diaphragm in breath- 
ing. 

To illustrate inhaling, pull on the rub- 
ber sheeting (diaphragm) (Fig. 14-4). The 
balloon, like lungs, will inflate as air is 
sucked in due to differential in air pres- 
sure. When you release the diaphragm or 
push it up a little, the balloon collapses. 

With a two-hole stopper inserted into 
a lamp chimney (Fig. 14-5 A), your 
model may better represent the bilateral 
character of our breathing apparatus. 

A more lifelike model may be made if 
equipment is available. Remove the bot- 
tom of a cider jug with hot wire (see Chap- 
ter 28 for the hot-wire method of cutting 
glass). The Y-tube represents the wind- 
pipe, the balloons the lungs, the open- 
bottom jar the thoracic cavity (Fig. 14-5B). 
Air pressure inside the jar (chest) is re- 
duced by lowering the rubber bottom 
(diaphragm). Close the tube (windpipe) 
leading into the jar and raise or lower the 
diaphragm. 
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LUNG CAPACITY 

Half fill a pan with water and fill a jug 
with water. Hold your hand over the jug 
mouth and invert it in the pan (Fig. 14- 
6). Insert rubber tubing. Have a child 


l 


(a) 


^ 


(b) 


; ; (b 
Fig. 14-5 (a) Two-lung breathing model; (b) 
large two-lung breathing model. 


take a deep breath and see how much 
water he can blow out of the jug. Mark 
with wax crayon or elastic (or measure 
by the amount of water needed to refill 
the jug). Dip the tube in rubbing alcohol 
to sterilize (check with school nurse), 
rinse thoroughly in water, and let an- 
other student measure his lung capacity 
by water displacement. The children may 
soon realize that the biggest child in the 
room does not necessarily have the largest 
lung capacity. Repeat after some strenu- 
ous exercise. Let children discover how 
exercise affects breathing. 

Older children can estimate and then 
measure the amount of air inhaled per 
hour. 

1. Count number of normal exhalations 
necessary to empty a gallon jug of water. 

2. Count number of exhalations, per 
minute in normal breathing (18-20 per 
minute). This number divided by the 
number of exhalations required to empty 
the jug equals the approximate number of 
gallons per minute. This number times 60 
equals the number of gallons of air 
breathed per hour. 


WHAT HAPPENS WHEN WE BREATHE? 


Just as in the lamp chimney or cider jug 
Model, your diaphragm moves up and 
down when you breathe. However, be- 
Cause your chest cavity is flexible, the size 
of the cavity increases. Let children check 
this by tape measurements around the 
Upper chest as they inhale and exhale. 

Let children use a watch with a second 

and to count the number of times they 
breathe in and out in 1 minute. Multi- 
Ply by 60 for the hourly rate of respiration. 
Let children see if there are individual 
and sex differences in breathing rates. 

Put your hands on your ribs to check 
lung space changes in breathing. Press 
Your hands hard against your diaphragm 
and try to inhale—impossible. What hap- 
Pens when we breathe? 


breathe 
here 


Fig. 14-6 


Lung capacity test. 


As in the lung tester, fill a dish or pan 
half full of water. Fill a quart jar full, 
cover its mouth with something to keep 
water in (e.g., a small piece of glass, in- 
vert into the dish, and remove top. Now 
insert rubber tubing and blow water out of 
jar. Upon questioning, the children should 
be able to state that the “empty” jar is full 
of exhaled air. 

Re-cover the jar under water, remove, 
and set upright in plain view. Twist pipe 
cleaner around a small candle. Uncover 
the jar just enough to lower the lighted 
candle into it. The candle goes out quickly. 
Secure a similar jar and lower a lighted 
candle into it. This time the candle should 
stay lit. The children should be able to de- 
duce that the difference in air determines 
the outcome of each test. Some may be 
able to tell you the jar full of exhaled air 
lacks O, but has more CO,, which smothers 
fire. The second jar is a “control,” an ex- 
periment that duplicates all aspects of the 
experiment to which it is being compared 
except one—in this case the variation in 
the presence or nonpresence of exhaled air 
in a jar. (See Fig. 12-4.) 


AIR PRESSURE 

Why does air move into our lungs 
simply by a slight lowering of the dia- 
phragm? The answer is that air is every- 


AIR PRESSURE 225 


Table 14-1 


Air pressure on our bodies* 
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*To calculate the total air p 
diagonal. Multiply the neares 
number of square inches 
of pounds of pressure. 
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of body area. Multiply ag 


ressure on the body, 
t number of square 


note where the line for body weight i 
feet of total area by 144 to yield the ipu 
ain by 14.7 or 15 to yield the approximate 


mate 


where, about 15 pounds of it pressing on 
every square inch of our bodies. We don’t 
notice the pressure because it is exerted 
equally on the inside and outside of the 
body. Our bodies don’t collapse from the 
weight of air because there are many air 
spaces within our bodies. For example, 
beef or chicken lungs from the butcher 
shop will float in water because of air 
trapped in tiny lung alveoli (air sacs). 

To lead children to understand the con- 
cept of air pressure, offer graphic illustra- 
tions of a square inch and of 15 pounds. 
For example, paste a square inch of col- 
ored paper in the middle of a large white 
sheet of paper. Let children estimate a 
15-pound weight, say of books. Then let 
them check on household scales. 

Carry the analogy further by letting chil- 
dren figure the amount of air pressure on 
an outstretched hand (about 200 pounds 
on the hand of an average sized, middle- 
grade child). Pressure is equal in all direc- 
tions—up, down, and sideways—and is 
balanced by pressure within the hand. 
The child is accustomed to this weight of 
air, but if he holds a pound weight in his 
hand, he feels the additional weight at 
Once since it is not balanced by pressure 
Within the hand and so must be sustained 
by an increase in muscular tension and 
the resistance of tissue. 

Table 14-1 enables the children to cal- 
culate the approximate total air pressure 
9n their bodies. For further discussion of 
air pressure, see Chapter 7 and Chapter 9. 


OUR RESPIRATORY SYSTEM 


Respiration is the name for the exchange 
of oxygen and CO, by the blood cells. 
Notice how the heart and lungs lie close 
together in the chest cavity behind the 
flexible yet tough protection of the ribs. 
This protected closeness allows for quick 
exchange of blood between heart and 
ungs at minimum cost in energy. In the 


lungs carbon dioxide diffuses out of the 
blood into the tiny lung chambers called 
alveoli while oxygen moves in the opposite 
direction to be picked up by the blood. 

The heart is really a double pump. Into 
the left side is pumped blood oxygenated 
by the lungs. The red oxygenated blood is 
sent throughout the body. Every bit of 
tissue must have oxygen to live. The 
maroon venous blood returns to the right 
chamber of the heart which pumps it into 
the lungs for aeration. Some children may 
have seen aeration of water at a municipal 
water purification plant. Thus the blood 
might be likened to a conveyor belt, carry- 
ing life-giving oxygen to all tissues and 
collecting waste, the CO,, which is always 
an end product of burning. In the slow 
burning inside of us, some oxygen we 
breathe is combined with carbon from our 
food to form CO,. 

Observations show our rate of breath- 
ing to be 18-20 times a minute or around 
1000 times an hour. Yet we are as casual 
about the condition of the air we breathe 
as our forefathers were about the purity of 
their water supply. Anyone who has 
watched particles floating in a beam of 
light is aware of some of the normally in- 
visible burden of air. We should be con- 
cerned much less about the nonliving soot 
and dust particles than about the living 
particles—microbes and their spores. Bac- 
terial counts differ greatly in different 
environments. An average inhalation of 4 
cubic foot of air per minute in the high 
mountains would take in only one microbe 
about every 20 minutes. In a crowded 
theatre an average man would inhale 
about 60,000 microbes per breath. 
Samplings have shown an average of 50 
million microorganisms (not all harmful) 
in a gram of dust from city streets. In the 
same amount of indoor dust, samplings 
yielded about 4 million bacteria. 

The structure of the nasal passages for- 
tunately provides a three-way air condi- 
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exhale 


inhale 


Fig. 14-7 Comparing carbon dioxide content of 
inhaled and exhaled air. 


tioning system. The nose, the chieffiltering 
agent, does preliminary screening by 
means of fine inner hairs. Furthermore, 
the nose is divided by bony shelves into a 
labyrinth of passages. These are lined with 
tissue full of glands constantly secreting a 
mucus, which catches particles passing 
the first screens. Some special cells in the 
nasal membranes have fine whip-like pro- 
jections called cilia on their free surface. 
The continuous lashing of these cilia keep 
in motion the fluid secretion covering the 
cell. All of this should impress upon chil- 
dren the reasons for breathing through 
one's nose. The trachea or windpipe is also 
covered with cilia and mucus for entrap- 
ping any particles which get past the nasal 
hairs and the sticky nasal passages. The 
whole nose and windpipe structure also 
provides for warming and moistening air. 


WHAT WE PUT BACK INTO THE AIR 


Stir a handful of builder's slaked lime 
into a gallon of water. Allow to settle, 
siphon or pour off 1-2 quarts clear liquid, 
and discard the remaining liquid. The 
clear liquid is limewater, used in chemical 
tests for CO,. 


228 BREATHING 


Let children blow through straws into 
Ys; tumbler of limewater. How soon will 
they notice a cloudy precipitate forming? 
This is calcium carbonate, the same 
chemical compound which makes up most 
of the body skeleton. Place a shallow glass 
saucer of limewater in a paper sack. 
Pucker the sack around your mouth and 
breathe into the sack 15 times. Examine 
the limewater. Set up a control by placing 
another dish of limewater in another sack. 
Pin the sack closed for 10 minutes. Com- 
pare the amounts of precipitate in the 
dishes. Let children open a bottle of soda 
pop in a bag containing a dish of lime- 
water. 


THE AMOUNT OF OXYGEN IN THE AIR 


Let children set a candle in the middle 
of a glass saucer or dish half full of water. 
Invert a jar over the candle. Mark water 
level inside the jar. Remove the jar long 
enough to light the candle. Observe water 
rising in the jar. Mark the new level when 
the candle goes out. Let children repeat 
and observe several times. The candle goes 
out every time after about the same time 
interval, during which about the Same 
amount of water is pulled up into the jar to 
occupy a little less than one fifth of the 
jar's volume. All of the O, will not see 
been used, but enough so that the cand s 
can no longer burn. Ordinary materia à; 
won't burn with less than 15 per cent oxy 
gen in the air. ite 

The candle going out illustrates A 
purpose for taking a lighted candle into : 
cave or mine. If the flame goes out (excep 
from a gust of air), there is not ipid 
oxygen for breathing. Often before 
scending into an old well or mine sha’ H 
men will test the air by lowering light 
candles. . 

For demonstrations on oxidation ! 5 
bodies (slow burning), see Chapter 22 
Chapter 13. 
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BREATHING EXHALED AIR 


Let children breathe in and out several 
times through a rubber tube at least erm 
diameter into a quart or half-gallon milk 
bottle. What sensation do they note from 
breathing exhaled air? It usually speeds up 
the breathing rate. Test air in this bottle 
With a glowing match splint or candle. 
Since the flame is extinguished, children 
will deduce breathing has removed some 
Oxygen from air. 


COMPARING EXHALED AND 
INHALED AIR 


Secure a Y-tube from a high school 
science teacher, Connect the two ends of 
the Y to lengths of rubber tubing. Through 
two-hole stoppers insert one long and one 
short piece of glass or plastic tubing. Insert 


Fig. 14-8 (a) Human lungs; (b) detail of air 
sacs. (From G. Simpson et al., Life, Harcourt, 
Brace & World, 1957.) 


Bronchiole 
Alveolus 


Alveolus 
opened 


alveolus 


Pleura 


the stoppers into two flasks or into ordi- 
nary bottles. In each bottle pour some 
limewater. Squeezing one rubber tube 
and then the other, inhale through one 
bottle and exhale through the other. 
When the breath bubbles through the 
limewater, cloudiness results, showing the 
presence of carbon dioxide. The liquid in 
the bottle through which the air bubbled 
while being inhaled remains clear. If you 
lack a Y-tube, use separate tubes, holding 
your breath as you move back and forth. 
(See Fig. 14-7.) 

Children should see from this that in- 
haled air contains little or no carbon 
dioxide, while exhaled air has a consider- 
able amount, that is, more than we 
breathe in. You may at this time recall 
that plants give off oxygen and use carbon 
dioxide during photosynthesis, while ani- 
mals do just the opposite. 
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GAS INTERCHANGE 


If these demonstrations have helped 
children understand how we inhale O, 
and exhale CO,, they should be ready to 
understand the continual exchange of 
these gases in the lungs. This exchange is 
made possible by the related structures of 
the respiratory and circulatory systems. 
The bronchial tubes continue to branch 
and redivide, leading into fine channels, 
bronchioles, less than 1/100” in diame- 
ter (Fig. 14-8). These minute air channels 
permeating the lungs open into little clus- 
ters of hemispherical bags. These alveoli or 
air sacs are thin-walled structures bounded 
by an extremely thin layer of flattened 
cells. Pressed close against this cell mem- 
brane is a tangled mass of thin-walled 
capillary blood vessels. The interchange of 
oxygen from fresh inhaled air and co, 
carried back to the lungs as waste from 
combustion, takes place here by a process 
of diffusion through the damp thin cell 
walls. 


SMOG 


Many thousands of times a day we 
breathe air which is loaded with foreign 
bodies, dust, soot, bacteria, and spores. 

You can show as follows that smog may 
be produced by condensation of moisture 
in the air on dust particles. Blow as much 
air as possible into a gallon jug. Note that 
there is little or no vapor in the jar as you 
let the air escape. 

Invert the jug and thrust a lighted 
match into the mouth of the jug. Again 
blow into the Jar and release the air 
quickly. A thick smog should show. 


OXYGEN CONTENT 


The ocean of air which surrounds our 
planet is about 500 miles deep. Half of all 
air is below 18,000’. About 21% of a cubic 
foot of air is oxygen. The air we exhale is 
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about 16% oxygen. We can breathe air 
with only 17% oxygen without noticing a 
difference. The air we exhale mixes very 
quickly and soon regains its normal 21% 
oxygen content. Even indoors enough fresh 
air seeps through the cracks around win- i 
dows and doors to keep the oxygen per- 
centage close to normal. Even poorly ven- 
tilated rooms rarely show a drop of more 
than 2% in oxygen percentage. The con- 
stant absorption of CO, by plants keeps the 
concentration of CO, in the atmosphere to 
3 to 4 hundredths of 1%. There is evidence 
that the CO, percentage has been very 
gradually rising since 1800. It is the 
amount of water vapor in indoor or out- 
door air that makes us conscious of poor 
ventilation. 


ROOM TEMPERATURE AND PROPER 
VENTILATION 


Good air for breathing should be neither 
too warm nor too cold with respect to what 
we are doing. Experiments suggest the fol- 
lowing: 


50-59° doing heavy shop 
work 

54-59° asleep in bed 

60° playing in the gym 

61-64° doing light shop 
work 

61-64° “spectator sports” — 
indoors 

68° resting or studying 
at home 

68-72° taking a bath 


ight 
Note particularly that a bedroom at ae 
need not be as cold as often thought. Go 
air for breathing also contains sare 
relative humidity of 50-60% is best 
health. 

See Table 7-1 (Chapter 7) in itn 
measure the relative humidity of » 
classroom. Repeat outdoors. On what K1 
of days do you notice greater difference: 


The air near the nose and next to the 
body is the air which affects health. Cir- 
culating air keeps it from forming a layer 
which contains too little oxygen or too 
much CO,. More important, moving air 
Prevents too high a temperature or too 
much moisture close to the body. The 
body maintains a constant temperature 
by constant evaporation through the skin. 
If the surrounding air is too moist or too 
hot, the body is not able to maintain its 
temperature regulatory function. Study 
the sources of heat and air motion in the 
classroom. Make a smoke box (see Chap- 
ter 18) to illustrate convection currents. 
Such observations and experiments should 
Soon lead children to conclude that the 
usual method of ventilating a room by 
Opening a window at the bottom only can 
be useless and ineffective in a completely 
closed off room. 


AIR TRAVEL AND ALTITUDE SICKNESS 


Anyone who normally lives near sea 
level and travels into the mountains may 
Notice slight symptoms related to lower air 
Pressure and less oxygen content. Because 
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14-1 Ask Red Cross representatives, fire- 
men, policemen, or lifeguards to demonstrate 
new methods of artificial respiration. 

14-2 Let children demonstrate principle of 
diver’s helmet by pumping or blowing air into a 
funnel inverted on the bottom of an aquarium 
°F glass pickle jar. (For other illustrations of the 
use of air pressure underwater, see Chapter 2 : 

14-3 Children may wish to make an exhibit 
of underwater breathing apparatus used by skin 
divers, 
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of lower pressure there are fewer oxygen 
molecules per cubic inch of air. At 18,000’ 
there are only half as many as at sea level. 
The following table tells the tale. 


altitude blood hemoglobin 
level of oxygen 
sea level 96% capacity 
10,000’ 81% capacity 
15,000’ 71% capacity 
25,000’ 58% capacity 


A candle flame which burns lower and 
lower as we ascend goes out at 25,000’. 
Humans “black out” at this point unless 
they are wearing oxygen masks or are 
flying in pressurized cabins (some black 
out at lower altitudes). At 12,000’ breath- 
ing is two times faster than at sea level. At 
12-15,000' there is an impairment of 
vision, hearing, capacity for movement, 
ability to think clearly. At 63,000’ air 
pressure is so slight that the body fluids of 
mammals, if unprotected, would vaporize 
(“boil”). The sudden distention would 
cause instant death. These are some of the 
problems in space travel that are being 
solved by research into space medicine 
and physiology. 


14-4 There may be one youngster in the 
group who would wish to plan and collect arti- 
cles and pictures on problems of breathing in 
high-altitude flying or space travel. An airline 
may be willing to lend an oxygen mask such as 
those kept on hand in commercial jet planes, 

14-5 Children whose parents are connected 
with the air-conditioning industry may wish to 
bring in illustrative materials and set up exper- 
iments on the principles of air conditioning. 


Wells, H. G., The Science of Life, Doubleday 
Doran, 1934. Upper. Covers all aspects of 
biology. Easy reading. 
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15 


Sound 


WHAT CAUSES SOUND? 


Sound is produced by vibrating objects. 
There are many things children can do to 
understand that vibrations cause sound. 

Remove the cover from a cigar or chalk 
box and put a rubber band around the 
box. Pluck the rubber band. Notice how 
it moves back and forth, or vibrates, rap- 
idly. These rapid vibrations of the rubber 
band produce the twanging sound. 

Have the children put a thumb and 
forefinger to the larynx and say “ah,” 
hum, or sing. They will feel the vibrations 
of their vocal cords, which are producing 
the sounds. 

Many familiar objects can be used to 
show that vibrating bodies produce sound. 
Place a blade of grass (or a thin strip of 
plastic material of the same thickness) 
between your thumbs. Hold the grass se- 
curely with the balls of your hand and the 
upper part of your thumbs. Now place 
your lips at the base of the gap between 
your thumbs and blow. With a little prac- 
tice a shrill sound will result, 


blow—- 


Fig. 15-1 Making paper vibrate rapidly enough 
to produce sound. 
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Fold a strip of paper 2” x 5” in half. 
Tear a small semicircle from the center 
of the fold. Place the folded paper be- 
tween your forefinger and middle finger. 
Make sure your fingers do not cover the 
semicircle. Now insert your lips between 
the open ends of the paper as close to your 
fingers as possible and blow hard. The = 
brating paper will squeal (Fig. 15- A 
Make a small hole in one end of a 12 
wooden ruler or a thin piece of wood the 
same size. Tie a piece of strong ppc m 
the hole and swing the ruler in a a z 
The harder you swing, the more the ii 
will vibrate, and the louder will be t 

roan produced by the ruler. . 

; Make a STR out of a large tin E. 
Stretch thick rubber from a heavy toy el 
loon or old inner tube across the mout? d 
the can. A rubber band or pone oh 
string will hold the rubber sheet in P 2$ 
Make a rubber hammer by inte i n x 
sharpened end of a stick or pencil col 
rubber stopper or a small solid esl thé 
ball. Now pound the tom-tom and og met 
vibrations. Strike the tom-tom and vali: 
a cork or small pieces of cork on the tp 
ber head. Note how the cork bounces 
and down as the rubber vibrates. 


Objects that produce sound vibrate 
rapidly " 

When an object produces saund n 
usually vibrating so rapidly that ne 
you cannot see the vibrations or yo 


see only a faint blur. Borrow a tuning 
fork from a music teacher, a high school 
science teacher, or a piano tuner. Strike 
the tuning fork sharply against your knee- 
cap or the rubber heel of your shoe. You 
will hear the sound produced, but the mo- 
tion of the prongs of the tuning fork will at 
most be a blur. 

You can show the children that a tun- 
ing fork does make vibrations by first 
striking it, then quickly dipping the prongs 
into a full glass of water. The vibrations of 
the prongs will cause the water to spray. 
Repeat this procedure, this time touching 
the prongs to a sheet of paper held in your 
hand. The paper will rattle. 

Ifa tuning fork is not available, use a 
dinner fork. However, strike the fork as 
hard as possible and perform the experi- 
ment as quickly as possible. The tines of 
the fork do not vibrate as easily or as long 
as those of the tuning fork. Instead of strik- 
ing the dinner fork, you might try pluck- 
ing two of the tines, then bringing the 
tines quickly to your ear. ! 

Have the children repeat the experi- 
Inent at school or at home. At the same 
time they can pluck the tines of the dinner 
fork and listen to the musical tone pro- 
duced. Ask them to note what happens to 
the sound when they touch the vibrating 
tines, 

There is a limit to the sounds we can 
hear, This depends upon the number of 
vibrations that are produced. An object 
Must vibrate at least 16 times a second to 
Produce audible sounds. However, if the 
Object vibrates more than 20,000 times a 
Second, most people cannot hear the 
Sounds produced. Sounds produced be- 


Fig. 15-2 Making a wave pat- 


tern with a vibrating hacksaw 
blade. 


yond the range of our hearing are called 
ultrasonic. 


HOW DOES SOUND TRAVEL? 


Vibrating objects produce sound waves, 
each vibration producing one sound wave. 
These sound waves move away from the 
vibrating body just as ripples or water 
waves spread out from the spot where a 
stone has been thrown into the water. 
However, sound waves differ from water 
waves because sound waves travel in all 
directions from the point where the sound 
begins; also sound waves cannot be seen. 


Travels in waves 


Refresh the children’s memory of water 
waves by dipping a finger in and out of 
water in a wash tub or bath tub. Waves 
are produced which spread out rapidly 
in increasing circles. 

You may want to investigate sound 
waves. Obtain a new or used hacksaw 
blade. (Borrow or buy one from your 
hardware store.) Attach a small firm piece 
of broom straw to the free end of the 
blade, using liquid cement or Scotch tape. 
Smoke a small sheet of glass by holding a 
candle flame against the underside of the 
glass and moving the flame around slowly. 
Attach the hacksaw blade to a block of 
wood with scotch or cloth tape. Place the 
hacksaw blade on the block so that the 
broom straw just touches the layer of soot 
on the glass (Fig. 15-2). Set the hacksaw 
vibrating. As it vibrates, pull the smoked 
glass under the broom straw. A wavy track 
of the sound waves will be left under the 
soot. Make the hacksaw blade vibrate 


vibrating hacksaw Rode) 


candle soot 


glass” tcnn 
slide glass to right—» 
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ice cream 


hook (screwed into container 


piece of wood) 


Fig. 15-3 A Slinky illustrates how sound travels. 


harder, and the waves produced will be 
larger. If you have a tuning fork, perform 
the same experiment by attaching the 
broom straw to one tip of the tuning fork. 
If you vary the length of the vibrating 
part of a hacksaw blade or use tuning 
forks of different frequencies, you will get 
waves of different sizes. 


Compression and rarefaction of waves 


One way of helping the children under- 
stand how sound travels is to show how 
waves move in a coiled spring. Borrow a 
Slinky from one of your pupils or buy it 
at a toy store (see Fig. 15-3). Any coiled 
spring will also do, such as the spring from 
the roller of a window shade. Screw a cup 
hook into the top of your doorway. Fasten 
one end of the spring to the cup hook. To 
every fifth coil attach a piece of paper, 
using scotch tape. Attach a block of wood 
to the bottom of the spring to give the 
Spring some tension. Now press together 
several coils of the spring near the bottom 
end, then quickly let the coils go. The coils 
first compress then expand. In so doing, 


these coils cause the neighboring coils to 
compress and then expand. Thus, the 
impulse travels from coil to coil with a 
back-and-forth motion, that is, by a series 
of alternate compressions and rarefac- 
tions. 

Sound waves travel in much the same 
way. When an object vibrates, it moves 
back and forth rapidly. This movement 
presses the particles or molecules of the 
gases in the air closer together—compres- 
sion. The molecules now spring back, 
then spread farther apart—rarefacti on 
When they do this, they push against mer 
neighboring molecules in the air and pres 
them closer together. These, 1n com 
spring back and then spread farther coge 
pushing against other molecules. T a 
sound waves are produced. These de 
have been transmitted by the molecules : : 
the air; yet the molecules themselves ja e 
traveled back and forth only a very $29 
distance. 

Let two children spread t 
across the room. Now have “en 
strike the coil of the Slinky with a penc! 


he Slinky 


one chil 


Fig. 15-4 — Compressions can be transmitted. (From General Science Handbook, Part Il, New Yor 


Education Department, 1 952.) 
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k state 


Fig. 15-5 Sound waves help put 
out a flame. 


a point just beyond the fingers holding the 
coil. Note how the impulse travels with a 
back-and-forth motion along the coil, in a 
series of compressions and rarefactions. 
With the four fingers of your left hand, 
press down firmly on four checkers placed 
side by side. Place a fifth checker to the 
left of the four checkers. Make sure all five 
checkers are touching. Now place a sixth 
Checker a few inches to the right of the five 
checkers, With the right hand snap the 
free checker against the end of the row 
(Fig. 15-4). The end checker on the left 
quickly moves away. This happens be- 
cause the checker first struck was com- 
Pressed slightly. This compression was 
Passed on or transmitted to the other 
Checkers until it reached the last checker, 
Which was free to move. Help the children 
understand that sound vibrations travel 
through air in much the same way. 


Travels in all directions 


Obtain a mailing tube about 2' long. 
Stretch tightly over one end of the tube 
à sheet of thin rubber from a toy balloon. 
Fasten the sheet of rubber to the tube with 
à rubber band or tightly tied string. Make 
à paper cone with an opening of about '4^ 
in diameter at the smaller end of the cone. 
Fasten the cone to the other end of the 
tube with Scotch tape (Fig. 15-5). Sup- 
Port the tube on a book and place the 
small end of the cone as close to a candle 
flame as possible without setting fire to the 
Paper. Now clap your hands sharply to- 
gether close to the rubber sheet. The 
Candle flame will flicker and flutter. 
Whistle with your mouth close to the 


WHAT MATERIALS CARRY SOUND WAVES? 


sheet of rubber- 


rubber sheet, and the candle will flicker 
again. Sound waves produced by the clap 
of the hands or whistle cause the rubber 
sheet to vibrate. This, in turn, causes the 
molecules of air in the tube to vibrate. 
This vibration is passed on until it reaches 
the flame and then pushes the flame 
about. 

Arrange four rows of dominoes in the 
shape of a cross. Leave a space in the 
center of the cross slightly smaller than 
the diameter of a rubber ball. Now push 
a rubber ball into the center of the cross, 
causing the four nearest dominoes to tip 
over (Fig. 15-6). Each domino, in falling, 
will cause its neighbor to tip over. These, 
in turn, will strike their neighbors. This 
toppling over travels down all four lines 
until the last domino falls over. If there 
were enough dominoes to make rows the 
length of the room, this disturbance would 
travel all that distance. Sound waves 
travel in all directions also, the molecules 
in the air transmitting the impulses to 
their neighboring molecules. 


WHAT MATERIALS CARRY SOUND 
WAVES? 

You have already shown that air can 
carry sound waves. One further example 
would be to take a long garden hose, open 
at both ends, and have two children speak 
to each other very much as through a tele- 
phone. Let one child speak while the other 
child listens. 


Liquids transmit sound waves 


Liquids also carry sound. The drop of 
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Fig. 15-6 Sound waves travel in all directions. 


the water faucet in the bath tub can be 
heard very clearly when the ears are sub- 
merged in the water. Have a child strike 


Solids transmit sound waves 


Solids also carry sound waves. Have a 
child place his Car against one edge of a 
table top while another child scratches 
the opposite edge lightly, Place the base 


end of the yardstick. 
A tin-can telephone is very popular 
Two juice cans, each 
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dle wax. The children using the phone 
must go far enough apart to stretch the 
string taut. The cans are used like tele- 
phones, with one child talking and one 
child listening. If thin wire is used instead 
of string, the children will hear even more 
clearly since metals carry sound better 
than string does. Let children discover 
that the sound will be muffled unless they 
hold the can by its rim. 

Beautiful sounds are heard by taking a 
piece of string 3-4’ long and tying a table- 
Spoon at the mid-point of the string. The 
ends of the string are looped once or twice 
around the forefingers, and then a fore- 
finger is placed in each ear. Now make 
the spoon swing so that it strikes the edge 
of the table. The sounds produced are 
like chimes. This can be repeated with 
different spoons and forks and with ae 
of spoons or forks, Using fine wire instea 
of string will improve the quality of the 
sound produced, 


Metals transmit sound waves best 


Sound travels through metals even bet- 
ter than it does through string, wood, pr 
water. Have one child hold a long curtain 
rod against his ear, Place a lonais E 
wrist watch or an alarm clock against t 
other end. The base of a vibrating tuning 
fork may be substituted for the watch. de. 

Have the children make ee at 
Then let one child go to another — 
andsenda message by tapping a i 
If the radiator is hot, the child who « ina 
tening can press a metal rod against ad. 
radiator and put his ear to the rod sth this 
Messages can be sent back and fort their 
way. If pupils place their ears against des 
desk tops and the teacher taps en her cat 
gently with a pencil, the sound will be the 
ried from the desk through the floor to 
children, r 

Strike the prongs of a tuning wee 
dinner fork; then touch the handle sie 
fork against the bone just behind your 


ESS "rT 


You will hear a distinct sound. Repeat the 
Procedure touching other bones of your 
head. The loudness of the sound you hear 
will depend upon the amount of flesh be- 
tween the handle of the fork and the bone. 
The more flesh there is, the greater the 
amount of insulation and the softer the 
Sound. Now set the prongs of the fork vi- 
brating and place the handle firmly be- 
‘ween your teeth. The sound will be most 
distinct, 

Sound waves, then, must have a solid, 
liquid, or gaseous medium by which they 
Can travel. The loud ticking of an alarm 
Clock, heard even when placed under a 
large glass bell jar, would soon fade out 
if the air were pumped out of the jar. 


SYMPATHETIC VIBRATIONS 


Obtain two tuning forks that have the 
Same frequency of vibration or pitch. You 
can borrow them from your music teacher 
or high school physics teacher. Secure two 
,8ar boxes. Knock out one end of each 

x. In the center of each box make a hole 
slightly smaller than a one-hole stopper or 
Plug. Push the handle ofa tuning fork into 
“ach stopper. Then insert the stoppers into 
the holes of the cigar boxes so that the tun- 
'ng forks are firmly erect. Place the boxes 
end to end, with open ends facing each 
other, ang adjust the position of the tuning 
forks so that they are in direct line with 
each other (Fig. 15-7). Strike one tuning 
fork with a rubber hammer made by in- 
erting a sharpened stick or pencil into a 
rubber stopper. After a few seconds stop 
the fork from vibrating by touching it with 
Your hand. You will now hear the second 
fork vibrating even though it was not 
Struck, 

. When the first fork was made to vibrate, 
1t caused the molecules of air around it to 
vibrate. Sound waves were produced with 
a definite frequency of vibration. But the 
Second fork is also capable of producing 


yy 


(b) 


Fig. 15-7 Producing sympathetic vibrations: (a) 
the forks vibrate in complete resonance, producing 
no beats; (b) one fork is a little out of phase, and 
beats are heard. (From A. Joseph et al., A Source- 
book for the Physical Sciences, Harcourt, Brace & 


World, 1961.) 


the same frequency of vibration as the first 
fork. Thus, the molecules of air pushed 
against the prongs of the second tuning 
fork with a frequency that corresponded 
to its natural frequency of vibration. This 
caused the second fork to vibrate in unison 
with the sounding body and thereby pro- 
duce sound as well. 

Have the children recall how they were 
able to push their friends higher on a 
swing just by timing their Push to coincide 
with the natural vibration rate of the 
swing. Note that the vibrations of the first 
tuning fork coincided exactly with the 
natural vibrations of the second tuning 
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Fig. 15-8 Making sounds louder. 


fork. Once you started the first fork vibrat- 
ing, the vibrations helped the second fork 
to vibrate. 

Obtain two milk bottles or soda bottles 
of the same size. Have a child blow across 
the mouth of the bottle until he produces 
a strong, clear note. At the same time let 
him hold the mouth of the other bottle 
close to his ear. Make sure the bottle is not 
so close as to obstruct the opening. When- 
ever the child blows a note with the bottle, 
he will hear a similar, but weaker, note 
in the second bottle. Because the bottles 
are the same size and have the same air 
columns, they will vibrate at the same 
frequency. Consequently a noise pro- 
duced by one bottle will set up sympa- 
thetic vibrations in the second bottle. 

This explains why often, when music 
is played on the piano, radio, or televi- 
sion, whenever a certain note is sounded, 
a vase or some other object in the room 
begins to vibrate. The natural frequency 
of vibration of the vase is exactly the same 


as the frequency of vibration of the musi- 
cal tone. 


MAKING SOUNDS LOUDER 


Have a child strike a tuning fork and 
hold it up in the air for the rest of the class 
to hear. Now let the child strike the tuning 
fork again, but this time have the child 
put the base of the tuning fork to a table 
top or to the chalk board. This sound is 
much louder because the tuning fork 
makes the table top or chalk board vibrate 
also. This larger vibrating surface or area 
sets a greater amount of air vibrating, so 
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that the sound is greater as well. The table 
top or chalk board thus acts as a sounding 
board or amplifier. 

Obtain a quart ice-cream container, a 
brass cup hook, and a small flat piece of 
wood or mortarboard. Screw the cup hook 
into the sealed end of the container and 
through the piece of wood as well (sec Fig. 
15-3). This prevents the cup hook from 
pulling out. Now repeat the experiment 
with the Slinky (above), but this time at- 
tach the cup hook of the container to one 
end of the Slinky. When the wire is tapped 
with a pencil, a loud whine comes from 
the container. This happens because the 
end of the container sets a large amount of 
air vibrating, and the sound is thereby 
amplified. . 

Take a needle or rounded toothpick 
and put the point into the groove of a re- 
volving phonograph record. The uM 
will be quite faint. Then put the needle 
through one end of a 3" x 5" card (e 
15-8), and repeat the procedure. T 
sound will be louder because the card also 
vibrates, causing a much larger volume 9 
air to vibrate. Make a cone out of heavy 
wrapping paper, fold the small end, ne 
force the needle through the entre ae 
ness of the paper (Fig. 15-9). Put 2: 
needle in the groove of the revolving ! he 
ord. The sound will be heard all over f 
room. 


STOPPING SOUND 


When sound waves hit solid © 
such asa wall, ceiling, or cliff, they i ait 
back. These rebounding sound wave 


pjects 
nce 


— m 
Fig. 15-9 A phonograph megaphone ^, ors, 
UNESCO Source Book for Science 
UNESCO, 1956.) 


„wood 


Fig. 15-10 A sonometer shows 
how the pitch of vibrating strings can 
be changed. 


called echoes. To stop unwanted echoes in 
a large room or auditorium, sound-ab- 
sorbing material is hung on the walls and 
window frames. Carpets also help. When 
the auditorium is filled with people, the 
clothing and bodies of the persons will also 
absorb some of the sound waves. 

To show how sound waves can be ab- 
sorbed, place an alarm clock in a card- 
board box with the open side facing a 
child who is listening. Have the child 
walk away from the box in a straight line 
until the ticking is barely audible. Note 
the distance. Now fill the space in back 
of the alarm clock with cotton and have 
the child move back to the box until the 
ticking is audible again. Note the change 
in distance, 


HOW WE MAKE MUSIC 


The number of sound waves produced 
Per second by a vibrating body deter- 
Mines the pitch of the musical sound pro- 
duced, Thus, the more vibrations per 
Second, the higher the musical tone pro- 
duced, The fewer vibrations per second, 
the lower the musical tone. The number 
9f vibrations produced per second is called 
i frequency, and the *highness" and 

‘Owness” of a musical sound is called the 
Pitch, 

Rub your fingernail lightly across the 

Cover of a cloth book. Note the sound pro- 
Uced as your fingernail vibrates when 


moving across the threads of the book. 
Now rub your fingernail across the cover 
several times, moving a little more quickly 
each time. Because you increased the 
number of vibrations per second, you in- 
creased the pitch. That is, you made the 
sound higher and higher. If you move 
your fingernail more slowly, you decrease 
the number of vibrations per second and 
the sound becomes lower. You can also get 
the same effects by rubbing your finger- 
nail across the teeth of a comb. 


How string instruments produce tones 


Make a two-string guitar (sonometer). 
Obtain a board or piece of plywood about 
3' long, 6" wide, and at least 74" thick. 
Drive a nail into each side of one end 
of the board. Loop a thin steel wire about 
4' long firmly around one nail and loop a 
similar length of thicker wire around the 
other nail. Let both wires extend across 
the board to the handle of a pail half full 
of water hanging at the other end of the 
board (Fig. 15-10). Instead of water, one 
or two bricks may be added to the pail. 
Place a spring-type clothespin or small 
triangular block of wood under each wire 
near the nail. Put another clothespin or 
block of wood under each wire two thirds 
of the way across the board. 

Pluck each section of wire between the 
clothespins and note the musical sounds 
produced. The thinner (lighter weight) 
the wire, the higher the musical note. Now 
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e clip end 


Y and flatten 
soda 0 
straw B 

C) 
Fig. 15-11 A soda straw saxophone. 


move each clothespin placed two thirds of 
the way across the board closer to the 
clothespin near the nail. The shorter the 
section of vibrating string, the higher the 
musical note will be. Let the children pro- 
duce the musical scale this way. 

Return the clothespins to their original 
positions. Now add more water or bricks 
to the pail. This will make the strings 
tighter. Pluck the strings each time you 
add more water or bricks. The greater 
the pull on the string, the higher the musi- 
cal note produced. 

Another way of showing the effect of 
thickness and tension would be to place 
two or more rubber bands having the 
same length but different thicknesses 
around an open cigar or chalk box. The 
thicker (heavier) rubber bands will pro- 
duce lower tones. Increasing the tension 
on each rubber band by stretching it will 
make the musical tones higher. 

String instruments such as the violin 
and harp depend upon these properties 
of vibrating strings to produce their mu- 
sical sounds. How would the children 
classify the piano? The sound is produced 
by vibrating strings (characteristic of 
string instruments) while the emitter of 
sound waves is hit with a hammer (charac- 
teristic of percussion instruments). A visit 
to the school piano helps show these prop- 
erties clearly. How would you classify the 
organ and harpsichord? 

Have the children make lyres or harps 
by stretching rubber bands of different 
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thicknesses across open cigar boxes with 
lids removed. If necessary, use tacks to ad- 
just the tension on the bands and thereby 
produce the desired musical tones. 


How wind instruments produce tones 


Wind instruments such as the flute, 
trombone, French horn depend upon vi- 
brating columns of air for their musical 
tones. Take a piece of glass or metal tube 
about 12" long and Y^" in diameter. Fill 
a bottle nearly full of water and insert the 
tube. Blow across the top of the tube while 
you move the bottle of water up and gown, 
As you change the length of the column a 
air in the tube, different musical notes w! 
be produced. Help the children under- 
stand that the shorter the air column, the 
higher the note produced. T 

The effect which the length of alt 
column has on the “highness” or “lowness 
of the musical tone can be shown in ver 
ways. Blowing across the tops of te * 
size bottles all having the same size aT "d 
one way. With a little practice the € ad 
dren can place different amounts of rane 
in eight tall, thin drinking glasses 
size) and reproduce the musical sca a 
medicine dropper will help adjust the ¢ wd 
amount of water necessary for cach vule 
Tapping the glasses with a pencil v a’ 
will set the different lengths of air co - te 
vibrating. This musical effect can es 3 
produced by using bottles or test tu 
the same size. 

A most popular musical to 15 
straw saxophone. Flatten one en white 
soda straw about % inch. The eps ei 
soda straw works best. Then cut bot iet 
ners of this flat end. Place the yout 
end (the reeds) into your mouth, clos ied 
lips around the straw, and blow ri inet 4 
If you have trouble producing een fit 
moisten the flattened end somew ether 
becomes so moist that it sticks oe une : 
start over. Once the sound is pro air Ô 
shorten the straw quickly with a P 


y is the sod? 


scissors, cutting off about an inch at each 
time. The ever-shorter vibrating air col- 
umns will produce a musical scale, while 
the flattened end acts as a reed to set the 
air column vibrating (Fig. 15-11). 

If you like, you may cut small holes in 
the straw about 1” apart. Cover the holes 
with your fingers, blow into the straw to 
produce a musical note, and then release 

_ Various fingers. The nearest open hole de- 
termines the length of the vibrating air 
column and, consequently, the musical 
tone produced (Fig. 15-11). 

. Make a tambourine by punching holes 
in the edge of a pie tin with a hammer 
and nails. Then sew or tie bells around 
the edge. You can also make chimes by 
hanging various lengths of metal tubing 
from strings. Use a rubber hammer made 
by inserting a sharpened stick or pencil 
Into a rubber stopper or a small solid rub- 


ber ball, 


How we speak and sing 


Hold one end of a rubber band be- 
tween your teeth. Now stretch the rubber 
band and pluck both lengths of the band. 
The rubber band vibrates rapidly and a 
Sound is produced. Now stretch the rub- 
ber band further. Note that the increase 
in tension of the band brings an increase 
1M pitch of the sound. 

Show the pupils a drawing of the lar- 
ynx as seen from above (Fig. 15-12) 
Point out that the larynx makes sounds 
exactly the same way. Instead of the rub- 
ber band there are two flat cords called 
Vocal cords. Tiny muscles on each side 
can stretch these cords. Air from the 
lungs causes these vocal cords to vibrate 
and produce sound. The tiny muscles con- 
trol the amount of tension on the vocal 


Closed 


Open 


Fig. 15-12 The vocal cords of the larynx vibrate 
and produce sounds. (From R. Brinckerhoff et al., 
The Physical World, Harcourt, Brace & World, 
1958.) 


cords. This changes the highness and low- 
ness, or pitch, of the sound which the vocal 
cords make. 

Have the children press a thumb and 
forefinger against the larynx and sing 
a low note. Let them note the sound vi- 
brations produced by the vocal cords. 
Now tell them to sing the musical scale 
and observe the different vibrations and 
the changes in tension. Make artificial 
vocal cords by stretching rubber pieces 
held by tape across the top of a tube. 
Blow air at the rubber “vocal cords.” 
Point out that men have longer vocal 
cords than women. This is why their 
voices are lower than women’s. 

Blow up a balloon. Now grasp each side 
of the balloon with the thumb and fore- 
finger of each hand just below the bal- 
loon’s opening. As the air escapes from 
the balloon, pull on each side of the bal- 
loon. The stretched rubber will vibrate 
and produce a sound. Point out that this 
is very much like the way the vocal cords 
operate in speaking and singing. Increase 
the pull on each side of the balloon. This 
increases the tension of the rubber mem- 
branes and the sound becomes higher. 
Decrease the tension and the sound be- 


comes lower. 
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CAPSULE LESSONS 


15-1 Try to obtain a model of the ear. Tfone 
isn’t available, perhaps a student will make a 
large chart of the ear frpm a drawing of one in 
a science textbook. Study the different parts of 
the ear and their functions. Trace the path of a 
sound wave from the outer ear through the mid- 
dle and inner parts to the brain. 

15-2 Do the same for vocal cords. Show the 
position of the vocal cords during breathing and 
when sound is being produced. 

15-3 How well can your children recognize 
noises? Prepare a list of things that make noises 
which the children should be able to recognize. 
Go to the back of the room so the children can- 
not see which noise producer you are using, and 
see how many sources the children can identify. 

15-4 Have those children who are members 
of the school band or orchestra or who have mu- 
Sical instruments bring in their instruments. 
Show how the sounds are produced in each case. 
Develop the concept that sounds having the 
same number of vibrations per second also have 
the same pitch. 

15-5 Start your own orchestra, using toy 
musical instruments such as the tin whistle, fife, 
Ocarina, harmonica, Xylophone, and triangle. 
Trace the source of sound in each case. Add to it 
Such humming instruments as the kazoo and the 
Paper and comb. 
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15-6 Does one of your students have a dog 
whistle? Show how this whistle differs from reg- 
ular whistles, and develop an understanding 
that objects have a wide range in the number 
of times they vibrate per second. 

15-7 Place a 6" flexible plastic ruler on the 
table, with 2” of the ruler extending beyond the 
table’s edge. Hold the ruler firmly with one 
hand and start the extended portion vibrating 
with the other hand. Repeat, using extended 
lengths of 3" and 4". Develop the idea that the 
greater the frequency of vibration, the higher 
the pitch. 

15-8 Mention each of the following sounds 
to the class. In each case have the pupils tell 
what did the vibrating: (a) a door slamming; 
(b) the sound of raindrops on the window; (c) 
the rustling of cloth; (d) a boy whistling; (e) » 
book falling on the table; (f) a boy scratching 
his arm; (g) the screech of automobile brakes; 
(h) the wind blowing. (Note: The wind rri: 
against telephone wires will make the wir 
hum.) 

15-9 If you have a sink in your Sade s 
children listen to the pitch change as you fi 5 
bottle of water. Ask them to listen at ao 
the changes in pitch as water from the 
faucet begins to run warmer. 
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Light and color 


Light is another phenomenon of the 
physical world which is usually taken for 
granted, but without which life would be 
very different. Without light there would 
be no color. Without light there would be 
no plants and, therefore, no animal life on 
earth. Our sun is the original source of all 
forms of energy on this planet. Some peo- 
ple who move to Alaska find it most diffi- 
cult to get used to the long nights—chil- 
dren going to and from school in darkness, 
no outdoor recess during the long night. 
Not only recreation but also entire in- 
dustries such as photography and mo- 
tion pictures depend on the controlled use 
of light. The same holds true for modern 
scientific instruments such as microscopes 
and telescopes. The bending of light rays 
in modern medical diagnostic tools is an- 
other illustration of the importance of light 
and the utilization of its properties. 


HOW LIGHT TRAVELS 


Take three of the regular 3” x 5” index 
cards. Find the exact center of each card 
by drawing two diagonals; the point of in- 
tersection is the exact center. With a paper 
punch or a pencil point, make a hole at 
this point. Now tack each card to a small 
wooden block so it will stand upright. 
Place a lighted candle on the center of the 
table and have one of the children line up 
the cards so that he can look through all 
three holes and see the candle flame (Fig. 
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16-1). Make sure the candle is just the 
right size so that the center of its flame 
will be level with the holes. Call the chil- 
dren’s attention to the fact that the holes 
are all in a straight line. Now move any of 
the cards a little to one side. Can the chil- 
dren look through the holes and still see 
the candle flame? Point out that the can- 
dle flame is seen only when the cards are 
lined up so that light can pass through 
the holes in a straight line. This can only 
happen because light itself travels in a 
straight line. Students can also do this 1n- 
dividually at their desks, sighting at à 
lamp on the teacher's desk. You may 
want to compare light's straight path 
with the path sound can take. f 

Move the cards over to other parts v 
the table. Repeat the above experimen 
each time you move the cards. The chil- 
dren will soon realize that a source o 
light will send out the light in all direc 
tions, but always in straight lines. ate 

Have the children look at a can 


a 
A 


1 A. 
Fig. 16-1 Light travels in a straight line. IP ee 
Joseph et al., A Sourcebook for the Physica 
ences, Harcourt, Brace & World, 1961.) 


Fig. 16-2 A pinhole camera. 


flame or a lighted electric bulb through a 
soda straw. They will see the light through 
the straw because light travels ina straight 
line. Now have the children bend the 
straw a bit. They will not see the light 
this time because it cannot make the turn. 


Pinhole camera 


A striking example of light traveling in 
Straight lines is the pinhole camera. Geta 
small cardboard box. In the center of one 
end cut an opening about 2” square. 
Cover this opening, using either glue or 
Scotch tape, with a piece of aluminum or 
tin foil. With a fine sharp needle puncture 
a tiny hole in the center of the foil. In the 
center of the opposite end of the box cut 
an opening at least 3” square. Cover this 
Opening with waxed paper or tissue paper; 
again using either glue or Scotch tape. 
Now blacken the entire inside of the box 
with flat black paint or ink. 

Darken the room and point the pinhole 
end of the camera at a lighted candle 
about 6” away (Fig. 16-2). Note the im- 
age which forms at the other end of the 
camera. If it is difficult to darken the room, 
you can cover your head and the rear part 
of the camera to see the image clearly. 

Call the children’s attention to the fact 
that the image is inverted. This could only 
happen if light travels in straight lines. 
Rays of light from the top part of the can- 
dle pass through the pinhole and fall on 
the bottom of the square of wax or tissue 
Paper. Similarly, rays of light from the 
bottom part of the candle pass through 
the pinhole and fall on the top of the 
Waxed or tissue paper. You can make this 


quite clear to the children by drawing a 
picture of the candle and pinhole camera 
on the blackboard. Then draw straight 
lines from the top and bottom of the can- 
dle through the pinhole and onto the im- 
age of the candle on the screen at the rear 
of the box. 

Move the pinhole camera closer rather 
than farther away from the candle. Have 
the children note what happens to the size 
of the image in each case. Diagrams on 
the board will help explain the change in 
size in each case. 


How to make a smoke box 


A smoke box is an excellent device for 
studying light and light rays. Get a wooden 
box about 2’ x 1' x 1’. Remove the top 
and front side of the box and replace with 
window glass. You may use cellophane or 
plastic in place of glass. A glazier will sup- 
ply you with this glass, cut to proper size. 
Use black cloth tape to keep the glass, cel- 
lulose, or plastic firmly in place (Fig. 
16-3). 

Remove the rear side of the box. Over 
the rear place a black cloth, taping the 
top and tacking the sides. It is better to 
use two pieces of black cloth so arranged 


Fig. 16-3 A smoke box for studying light and 
light rays. 


HOW LIGHT TRAVELS 245 


that the two halves overlap about 4” at 
the middle. This will allow you to put your 
hands in the box to move objects about. 

Paint the inside of, the box with flat 
black poster paint. Now about halfway 
down one end of the box, cut a hole about 
3” long and 2” wide. This hole should be 
nearer the front end of the box. About 3” 
from the front end of the box should be 
enough. This hole is to let in light rays. 
All you have to do is to cut a piece of 
black paper or cardboard to tack over the 
hole. To get the kind of light rays you 
want, just cut the slots or slits as openings 
in the black paper or cardboard. 

A 5" X 8” index card tacked on the 
other end of the box, just opposite the 
hole, acts as a screen. This will show up 
images beautifully when you work with 
lenses. 

Now all you need is a light source. A 
three-cell focusing flashlight will do. This 
should rest on a block of wood about 2-3’ 
from the hole you cut out. A slide pro- 
jector with the front lens (objective) re- 
moved is even better. If you use the flash- 
light, focus it so you get a parallel beam. 
If it is too near the hole in the box, the 
light rays will be Scattered or not clearly 
defined. Just move the flashlight back or 
forth until you get well-defined parallel 
rays of light. Your smoke box is now ready 
to use. Several demonstrations that em- 
ploy a smoke box are described in follow- 
ing sections. 

There are many things you can use to 
make smoke. Punk, incense candles, and 
cigarettes are all good sources. You may 
buy touch Paper from a scientific supply 


house, or you might want to make it your- 
self. Obtai i 
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strips, 
smoke. 


they smolder, giving off much 


WHAT HAPPENS TO LIGHT? 


Have the children place a pane of clear 
glass on the page of a book. Note how 
clearly the material on the page can be 
seen. Let the children look at the filament 
of a lighted clear-glass electric bulb. A 
material such as glass through which ob- 
Jects can be seen clearly is called transpar- 
ent. Transparent substances allow almost 
all of the light to pass through them read- 
ily. Cellophane, clear water, and air 
are other examples of transparent sub- 
stances. 

Repeat the experiment, using a pane of 
frosted or ground glass and a frosted glass 
electric bulb. Your school usually has 
some frosted glass windows. Note how 
much light will pass through these win- 
dows, but not enough to permit objects to 
be seen clearly. Substances such as frosted 
glass are called translucent. Translucent 
Objects scatter or diffuse the light in all di- 
rections. Tissue and waxed paper, thin 
silk, parchment, paraffin, and clouds are 
other examples of translucent substances. 

Tape some heavy black paper on one 
of the window panes or around a 15-watt 
lighted electric bulb. Do not keep ai 
Paper on the hot bulb too long. The blac 
Paper does not allow the light to pass 
through. Substances through which n 
Cannot pass are called opaque. Woo f 
metal, and heavy cloth are examples © 
Opaque substances. d 

Darken the classroom. Aim a focuse 
beam from a flashlight first at a pane ° 
clear glass, then a pane of frosted B. 
and finally a square of wood. The d 
dren should understand the differen¢ 
between transparent, translucent, gn 
Opaque objects. Incidentally, if you m2 is 
a smoke box, it would be ideal for thi 
experiment. 


Fig. 16-4 A mirror reflects light rays. 


Cut a piece of black cardboard or 
Paper for use in the opening of the smoke 
box. Cut three slits in the black paper, one 
underneath the other. Each slit should be 
about 14” in width. Tack or tape the black 
Paper to the opening. Fill the smoke box 
with smoke. Focus the flashlight down to a 
Parallel beam and aim it at the slits in the 
black paper. Make sure the flashlight is 
far €nough away so that the light rays are 
Parallel. Note the three rays of light in the 
box, They are traveling in a straight line. 
Now hold a plane mirror at a 45° angle in 
the box (Fig. 16-4). Observe how the light 
beams are reflected and how clearly de- 
fined they are. Place your eye directly in 
the reflected rays leaving the top of the 
Smoke box. Point out that the glare is al- 
Most as great as if you had looked directly 
ìn the flashlight. Help the children under- 
Stand that a smooth surface reflects light 
With next to no scattering or reduction of 
the light’s brightness. 

k f you haven’t made a smoke box, you 
might try the following. Darken the room. 

hine the focused beam of a flashlight at a 
slant on the mirror. The ray of light will 

* reflected so that the reflected beam 
faves the mirror at the same angle as 
the incoming beam. Clap two blackboard 
erasers over the mirror to produce a dust. 

his will make the rays of light visible. 

At one time most of your class have 
Caught a sun’s ray on a mirror and sent 
It dancing on the wall or at someone's 
eye. 


Diffuse reflection 


Take a piece of clear plastic and 
roughen it by scouring it with some steel 
wool. Scour in a circular motion until the 
surface is uniformly dull. Attach the plas- 
tic to the mirror either with Scotch tape or 
rubber bands. Now repeat the same ex- 
periment with the smoke box or in the 
darkened room. Observe how the rays of 
light are not reflected in regular beams 
but are scattered. Place your eye again in 
the reflected rays and notice the difference 
in brightness (Fig. 16-5). This type of re- 
flection is called diffuse reflection. 


HOW WE SEE 

Most of the things we see do not have 
smooth surfaces. When light falls on a 
rough surface, the rays are spread out or 
diffused in all directions. When these dif- 
fused reflections reach the eye, you see the 
object. Help the children draw the con- 
clusion that there are three conditions 


j 
y 


Fig. 16-5 Regular and diffuse reflection. 
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Fig. 16-6 Bouncing a ball up and down and 
back and forth illustrates how light is reflected. 


needed in order to see a nonluminous ob- 
ject: (1) there must be a source of light, (2) 
the light must strike the object, and (3) 
the light must be reflected from the ob- 
ject to the eye. 

Light-colored objects reflect more light 
than dark-colored objects. Ask your chil- 
dren to do this experiment. Have them 
enter a darkened room and note which 
objects are more easily visible after the 
eyes are adapted to the semidarkness—the 
light-colored objects or the dark ones? 
Have them comment on which rooms are 
brighter, those with light-colored walls or 
those with dark-colored walls, 


MIRRORS 


You can make it easier for children to 
understand how light behaves with mir- 
rors by first studying reflection with a rub- 
ber ball. Throw the ball straight down, 
and it will bounce straight back along the 
Same path it came from. Let two children 
Stand some distance apart and then 
bounce the ball back and forth to each 


other (Fig. 16-6). Point out that ifthe ball 
is thrown down at 
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cut a very small hole in the tape. This will 
give you a fine ray of light instead of a 
broad beam. Have one of the children 
shine a ray of light straight at the mirror. 
The ray will be reflected back along the 
same path. Now shine the ray of light on 
the mirror at a slant or angle. The rays will 
be reflected at a slant or angle, but in the 
opposite direction. 


Angles of incidence and reflection 


Get a small shoe box. Set the box on 
one side with the open end facing you. 
Cut a slit about '4" wide all along one end 
of the box. The slit should be located a 
short distance from the top of the box. 
Paint the inside of the box with flat black 
paint. Now place the box in bright sun- 
light so that the sun's rays fall on the slit. 
Turn the box until the sun's rays fall on 
the bottom of the box (Fig. 16-7). Then 
place a mirror on the bottom of the box 
just where the sun's rays strike the bottom. 
Note the reflected beam. Set another mir- 
ror in the path of the reflected beam and 


Fig. 16-7 Showing angles of incidence and '** 
flection. 


angle of| jangle of 
incidence| + |reflection 


Fig. 16-8 The angle of incidence equals the 
angle of reflection. 


note the second reflection. Draw dotted 
lines on the blackboard showing the paths 
the light takes. Draw a perpendicular line 
at the point where the light strikes the 
mirror and changes direction. Compare 
the angle at which it is reflected. They 
will be equal. The ray which strikes the 
mirror is called the incident ray, and the 
angle it makes with the mirror is called 
the angle of incidence. The ray which 
changes direction is called the reflected 
Tay, and the angle it makes with the mir- 
Tor is called the angle of reflection (Fig. 
16-8). The angle of reflection equals the 
angle of incidence. 

Hold a comb in the sun's rays so that 
the rays shine through the teeth and fall 
©n a piece of white cardboard. By tilting 
she cardboard, you can make the rays of 
light on the cardboard several inches 
ong. Now place a mirror diagonally in 
the path of these rays (Fig. 16-9). Point 
Out that the beams which strike the mir- 
ror are reflected at the same angle. Turn 
the Mirror and note how these angles 
Change, 


Using the classroom to demonstrate 
reflection 


Line the children’s chairs in the class- 
700m in a series of equal parallel rows- 
ang a large mirror from the blackboard 
°© that it is in the center of the wall. Ad- 
Just the height of the mirror so that the 
children can see each other. With chalk 


Fig. 16-9 Reflecting beams of sunlight. 


draw a line on the floor so that the line is 
perpendicular to the front wall at a point 
directly under the mirror. Now ask pupil 
#1 to tell the class which one of his fellow 
pupils he sees in the mirror. Most likely he 
will name pupil #6, who will see pupil 
#1 in turn. Now draw chalk lines on the 
floor from pupil #1 and pupil #€ to the 
point where the perpendicular line meets 
the front wall (Fig. 16-10). Compare the 
two angles and observe how they are 
equal. Repeat for pupils #2 and #5, etc. 


O 


O 
2:2 #3, 
O O! 
angle of | ! | 
incidence 


reflection e 
Ks 


Fig. 16-10 Proving the principle of reflection in 
the classroom. 
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image seems as far behind mirror 
[as its source is in front of it 


incidence 


‘angle of 0 
reflection 


ele of 


Fig. 16-11 


Constructing angles of incidence and 
reflection. 


Reflection in a mirror 


With Scotch tape attach a pocket mir- 
ror to a block of wood so that it stands 
upright. You can also hold the mirror up- 
right by placing it between the pages of 
two books standing up and facing each 
other. On a piece of white paper draw a 
straight line parallel to the upper edge of 
the paper. Place the mirror so that its 
edge rests on the straight line. Stick a pin 
in the paper about 6" in front of the mir- 
ror and a little to the left of the center of 
the mirror (Fig. 16-1 1). Now place a 12" 
ruler on the right-hand side of the paper. 
Keep your eye level with the ruler and 
sight along the edge of the ruler with one 
eye. Move the ruler until its edge is in 
direct line with the mirror image of the 
pin. Hold the ruler in this position and 
draw a pencil line along the edge of the 
ruler. Extend this line until it meets the 
mirror. Push the mirror away if neces- 
sary. The parallel line you drew originally 
will show you where the mirror stood. 
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Now draw a perpendicular line at this 
point. Then draw another line from. this 
point to the pin. You now have an cd 
dent ray and reflected ray, and an angle 
of incidence and an angle of reflection. 
Use a protractor to measure the two an- 
gles with reference to a line at right ‘ms 
gles to the mirror at the point where the 
incident beam hits the mirror; compare 
these angles to see if they are equal. 
Have two pupils move apart and about 
to various positions with relation to the 
mirror. They will find that one cannot see 
the eyes of the other in the mirror unless 
the second sees the eyes of the first at the 
same time. Some of your rapid learners 
may enjoy figuring out why this is so. 


Plane glass acts as a mirror 


Obtain a piece of window glass about 
6” square. Clean and polish the glass. "c 
the glass on white paper and have the chil- 
dren try to see their reflections. Now cd 
the glass on black paper and have t 
children try again. fahe 

When light strikes glass, most o d 
light passes through, but some is air 
from the surface of the glass. locas res 
glass is placed on white paper, the lig k 
passing through the glass is reflected ee 
from the white paper. However, this lig : 
is diffusely reflected, and it is very p ea 
to see yourself clearly. When the glass ! 
placed on black paper, the light passei 
through the glass is absorbed. This allo n 
you to see clearly the light reflected Re 
the surface of the glass. This will help t a 
children understand why a uei sei E 
fairly good mirror at night when ma 
bright inside and dark outside. aie d 
glass reflects about 10% of the light a 
transmits about 90% of the light. — 

Clean and polish a piece of win A 
glass about 6” square. Set the glass T 
right by placing it inside the pages be 
book standing on edge. Make An 
glass is exactly vertical. Place a lig 


Fig. 16-12 Making plane glass act like a mirror. 


candle in front of the glass (Fig. 16-12). 
Compare the size of the image with the 
size of the object. Place a glass of water 
in back of the glass and move it about 
until the image of the lighted candle seems 
to be burning in water. Remove the glass 
of water and replace it with your hand. 

The candle will seem to be burning in 
your hand. 

_ Take a second candle exactly the same 
Size as the lighted candle. Place the un- 
lighted candle in back of the glass. Move 
it about until the image of the burning 
candle fits exactly with the unlighted 
Candle, no matter from which angle you 
look at it. Now the unlighted candle 
Seems to be burning. Measure the dis- 
tances of both candles from the glass and 
compare. 

The children should now readily un- 
derstand that in plane mirrors the image 
5 (1) the same size as the object, and (2) 
Just as far behind the mirror as the object 
5 in front of it. 


Water acts as a mirror 

Water can also act as a mirror. Fill a 
Pan almost full of water. Bring a table 
Dear the window so that sunlight can fall 
9n it, (Warning: Do not let the children look 
i @ direct image of the ball of the sun.) Set 
" © pan of water on the table in the sun- 
ight. Look for a bright spot on the wall 
or Ceiling. Strike the side of the pan with 
your hand just hard enough to cause the 


surface of the water to form ripples. The 
spot of light will dance about, but will be 
less bright and sharp. 


Making a periscope 


A periscope is a sure-fire way of arous- 
ing interest in light and how light is re- 
flected. All you need is a wooden cheese 
box (a shoe box will do just as well) and 
two pocket mirrors, either square or rec- 
tangular in shape. Using Scotch tape, fas- 
ten the mirrors at a 45° angle across both 
ends of the box (Fig. 16-13). (You may 
want to glue the mirror to pieces of card- 
board which fit into the box.) Each mir- 
ror must be at a 45° angle for the peri- 
scope to be effective. A protractor, avail- 
able at any ten-cent store, can be used by 
the class to measure and check the angle. 
Or fold a square of paper along its diag- 
onal to make two 45° angles. Now cut a 
window opposite the mid-point of each 
mirror. One window should be facing the 
upper mirror, the other window opening 
to the rear and facing the lower mirror. 
The dimensions of each window should 
be slightly smaller than the dimensions of 
the mirrors. Replace the cover on the box. 

You can now let one child kneel beside 
a table and look into the periscope. If the 
top of the periscope is above the table top, 
the child can identify objects on the table 


45° angle 


j — » 
Object mirror 


45° angle 
mirror 


Fig. 16-13 A periscope. (From R. Brinckerhoff et 
al., The Physical World, Harcourt, Brace & World, 


1958.) 
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mirror into the other. You will see many 
coins (Fig. 16-15A). Repeat the experi- 
ment, using a lighted candle. Point out 
that you see many images because light 
from the coin or candle is reflected back 
and forth many times. . 
Using Scotch tape, hinge two mirrors 
together. Set them up so that they are at 
right angles to each other (Fig. 16-15B). 
Place a coin between the mirrors and note 
the number of images formed. Make 


mirror — (--hole 


hole—») Ac— mirror 


Fig. 16-14 An extra long periscope. 


or describe what his classmates are doing. 
Help the children understand that light 
enters the top window and is reflected by 
the top mirror down to the bottom mirror. 
The light is then reflected from the bot- 
tom mirror to the person’s eye. Have the 
children explain why it is absolutely nec- 
essary that the mirrors be placed at 45° 
angles. 

An extra long periscope can be made 
by using a cardboard mailing tube about 
2” in diameter and at least 2’ long. Mark 
two points, one about 3” from the bottom 
and the other about 3” from the top. At 
these points cut slits at angles of exactly 
45°. It might be wise to mark these posi- 
tions carefully in advance so that the 
angles will be Correct. Now insert two 
Pocket mirrors into these slits and fasten 
with Scotch tape (Fig. 16-14). Then cut 
two window holes about 2” wide directly 


ors. One win- 
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smaller and smaller angles and see what 
happens to the number of images. Try 
this experiment again, using a lighted 
candle. 

Beautiful multiple images can be ob- 

tained from a kaleidoscope. Put together 
three long rectangular mirrors, all of the 
same size, to form a triangle. The mirror 
surfaces should be on the inside. Metal 
camp mirrors, cut out with tin shears or a 
hacksaw, can also be used. Fasten the 
mirrors together with Scotch tape (Fig. 16- 
15C). Place a pane of glass upon two 
blocks of wood. Put tiny pieces of colored 
Paper on the glass. Now set the kaleido- 
Scope over the colored pieces on the glass: 
Six-sided figures will be seen. Tap the glass 
while you are still looking down into the 
kaleidoscope. The figures will change their 
shape and color combinations. Turn the 
kaleidoscope to change the patterns. Re- 
Peat the experiment, using colored beads, 
bits of colored glass, colored yarn, or tiny 
Pieces of colored ribbon. 
Mirror images are reversed. Let a 
children write their names on a piece e 
Paper. Hold the paper to the -— 

rite your name in ink very heavi * 
Blot the Paper with a fresh blotter, jen 
hold the blotter to the mirror. Can yo 
read your name now? sh dts 

Place a sheet of carbon paper var 
carbon side up under a sheet of w m 
Paper. Write a sentence on the whi 
Paper. Turn the white paper over Ta 
note the reversed writing on the other S! 


mirrors facing each other 
4 


many reflections of coin 


[ 
D i] 
tagare 


Fig. 16-15 (a) Making many coins from one coin; 

decreasing the angle between the mirrors in- 
creases the number of coins produced; (c) a kalei- 
doscope, 


Now hold the reversed writing to the mir- 
ror and try to read the sentence. 
Let one child look into a mirror and 
raise his right hand. The mirror image 
will raise its left hand. If the child winks 
his left eye, the mirror image will wink its 
right eye. If the children find this hard to 
understand or insist that the image moves 
the same hand or eye as the object, try the 
following. Have two boys face each other. 
Let one boy raise his right hand. Make the 
second boy raise the hand that a mirror 
image would have raised. This hand will 
be the left hand. 

Place an alarm clock in front of a mir- 
ror. The face will be reversed. Now hinge 
two mirrors with Scotch tape and arrange 
the mirrors so that they are at right angles 
to each other (Fig. 16-16). Place the clock 
exactly between the two mirrors. Now the 
face image is not reversed. In this case the 
image does not seem to be reversed be- 
cause it actually has been reversed twice. 
The light from one half of the face goes to 
the left mirror, is reflected to the right 
mirror, then back to your eye. The light 
from the other half of the face goes to the 
right mirror, is reflected to the left mirror, 
then back to your eye. The image is re- 
versed once at each mirror, making twice 
altogether, so that you see the face as it 


usually appears. 
Obtain a thin rectangular sheet of 


v 


Fig. 16-16 Reversing a reversed image. 
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ARD 


Fig. 16-17 Bending a metal mirror will produce 
unusual images. 


smooth, polished, pliable metal from a 
tinsmith. Look at yourself in the metal. 
You see an image just like the one formed 
in a mirror. Now bend the sheet so that 
the hollow side is away from you. If you 
hold the sheet vertically and look into it, 
your face will be very long and thin (Fig. 
16-17). If you hold the sheet horizontally 
and look into it, your face will be short 
and fat. Now bend the sheet so that the 
hollow side is toward you and look at this 
curved mirror vertically and horizontally 
again. Note the kind of images formed. 
Curved mirrors which bulge outward 
are called convex. Curved mirrors which 
are hollowed inward are called concave. 
Have the children look at their images in 
a highly polished metal coffeepot or teapot. 
This will have both concave and convex 


ject, while a convex 
image of an obj 


trick mirrors that distort the shape of the 
body are good exam 


BENDING LIGHT 


Rays of li 


ght will change their direction 
when they 


Pass at an angle from one 
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transparent substance into another. Fill a 
rectangular fish tank with water until the 
level of water is about 2” from the top. 
Obtain some fluorescein from your phar- 
macist. Add just enough fluorescein to the 
water to make it yellow. Cover the top of 
tank with cardboard with a 4” x 1’slit 
in the cardboard as in Fig. 16-18. Now 
use smoke paper to fill the air above the 
water with smoke. You can also use chalk 
dust. 

First shine the ray of light straight down 
into the fish tank. Point out that there is 
no change in the direction of the ray. Now 
shine the ray of light into the water at a 
slant or angle. This time the ray is bent. 
This bending of light is called refraction. 
Light travels faster in air than it does in 
water, so that it is bent slightly when it 
passes from air to water. : 

You might like to repeat the experi- 
ment, using only a glass of water. Add a 
few drops of milk to the water so that the 
ray can be seen distinctly as it bends. 

Place a stick in a glass of water. Some of 
the stick should be above the surface of 
the water. Keep your eyes level with the 
surface of the water and look at the point 
Where the stick meets the water. The stick 


Fig. 16-18 — Making light rays bend. 


Fig. 16-19 Making a coin disappear. 


BS to be broken or bent. This is be- 
Pim the rays of light which come from 
» Cae of the stick in the water are bent 
R they leave the water and go into the air. 
5 “peat the experiment, using a spoon or 
rh ale Have pupils recall the bent row- 
at oar in water or the bent spoon in a 
glass of water. 
eee a coin on the bottom of a pan or 
PRA e can near the edge of the pan. Have 
es doas à close enough to the pan to 
weg € coin clearly. Now let the pupil step 
Vcg the point where the coin com- 
holdi Y disappears. While the pupil is 
eae this position, have another pupil 
19) » pour water into the pan (Fig. 16- 
ide ie the water carefully so it won't 
Sin the coin. The first pupil will see the 
S deus i into full view. When the 
hie. was added, light from the coin was 
air Thi it passed from the water into the 
Dn 1s enabled the pupil to see the coin 
dif The coin now seems to be ina 
ent position from where it actually is. 
ie the children’s attention to the fact 
«ba water appears to be more shallow 
a it really is. Water that seems to be 
ier -deep in a swimming pool is often 
Ha your head. Fill a saucepan full of 
hum your eyes about 3" above the 
the of the water. Now lower a ruler into 
water at the side farthest from you. 


(b) 


Fig. 16-20 (a) The action of convex and concave 
lenses on light rays; (b) focusing light rays witha 
magnifying glass. (From F. Miller, Jr., College 
Physics, Harcourt, Brace & World, 1959.) 


The ruler seems to become shorter as it 
goes into the water. 

Look straight down into a glass of water 
filled to the very top. The bottom of the 
glass seems to be closer to your eyes than 
the table upon which the glass is resting. 
Put your finger on the side of the glass 
where the bottom appears to be. The 
water seems to be about three fourths as 
deep as it really is. The children should 
realize that this apparent depth occurs be- 
cause the light rays from the bottom of the 
glass are bent as they leave the water. 
This gives the bottom a different position, 
just as with the coin in the previous ex- 


periment. 
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wem front 


(b) 
Fig. 16-21 (a) Bending light rays in a smoke box; 
obtaining a small inverted image; (d) obtaining a lar 
of a lens. 
LENSES 


Lenses are transparent substances, such 
as glass, which have curved surfaces. You 
have shown that there are two kinds of 
mirrors, concave and convex. The two 
principal kinds of lenses also have the 
same names. Viewed in cross section, a 
convex lens is thicker in the middle than 
at the ends; a concave lens is thinner in 
the middle than at the ends. The convex 
lens brings or focuses rays of light to- 
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(e) Li 


m (c) 
(b) producing an image with a magnifying glass 
ge inverted image; (e) finding the magnifying P 


gether. The concave lens will spread ne 
rays of light (Fig. 16-20A). A m y 
mnemonic for pupils is to remem z 
“cave” in concave. Caves are hollow 
the middle. le 
A magnifying glass is a good ee am 
of a convex lens. Place the magnify e 
glass on a piece of black paper and let - 
Sun’s rays shine on the glass. Lift the m e 
nifying glass slowly from the black t 
until you reach a position where the Cra 
are focused on the paper. You will se 


bright spot on the paper (Fig. 16-20B). 
This bright spot is the point where the 
parallel rays of the sun are brought to- 
gether. This point is called the principal 
focus or focal point of the lens. The dis- 
tance between this point and the center 
of the lens is called the focal distance or 
focal length. You may recall that you are 
able to set a match head on fire by focus- 
Ing the sun’s rays on it. 

. The lenses of glasses used by near- 
sighted persons are concave lenses. See 
what happens when you place a concave 
lens in the sun's rays and try to focus the 
rays on black paper. 

The lenses of glasses used by far-sighted 
Persons are convex lenses. They will focus 
m image like ordinary magnifying lenses. 

ni to obtain lenses from discarded 
Stasses of both nearsighted and farsighted 
eger You might want to visit an op- 
: Metrist or optician and ask him for a 

Onvex and a concave lens. 

- smoke box (pp. 245-46) is an ideal in- 
m NE for showing what convex and 
ncave lenses do to parallel rays of light. 
old a convex, then a concave, lens in the 
= of parallel rays of light and see how 
ach one bends the light (Fig. 16-21A). 
ilm the room except for one win- 
the. Have a child stand with his back to 
iud window and hold an unlined 5" x 8” 
€X card up to the light. Now let the 
wy move a magnifying glass back and 
"s until he gets a clear picture image of 
d ts is outside the window (Fig. 16- 
3). Note that the image is smaller and 
Upside down (inverted). 
" Darken the entire room. Stand a lighted 

andle on the table. Let one child hold a 
Nin sheet of white cardboard about 3’ 
ND This cardboard serves as a screen. 
"ip have another child hold a magnify- 
us glass (convex lens) near the screen 1n 
tes Path of the candle’s rays. Move the 
“in slowly toward the candle until a clear 

age is seen on the screen. The image 


will be smaller than the object (Fig. 16- 
21C). By changing the flame-to-lens dis- 
tance, you can also get an enlarged (in- 
verted) image on a distant wall. 

Now move the’ lens still closer to the 
candle. You will have to move the screen 
farther away to get a clear image (Fig. 16- 
21D). The image is now larger and is still 
inverted. The children should realize that 
the closer the lens approaches the candle, 
or object, up to a certain point, the larger 
the image will be. 

When a convex lens is brought very 
close to an object, it magnifies, and the 
image is erect. A magnifying glass shows 
this to good effect. You will find the mag- 
nifying power of a lens by focusing it over 
lined paper (Fig. 16-21E). Compare the 
number of spaces you see outside the lens 
with the spaces you see through the lens. 
A magnifying glass will magnify several or 
more lines, depending on the curve of 
the lens. The greater the curvature, the 
greater the magnification. 

Curved glass jars or tumblers will also 
magnify. Dip your finger or a pencil into 
a glass of water and look at it from the 
side. Observe a fish in a round fish bowl, 
looking at it first from the top and then 
from the side. Place various objects in an 
olive jar filled with water. Or screw the 
cover back on the olive jar filled with 
water. Now put a ruler, then a lighted 
candle, and then other objects behind the 
jar. Note how the objects are magnified. 

Clear glass marbles also will magnify. 
Even a drop of water, which is spherical, 
has magnifying powers. Place a drop of 
water carefully on a piece of glass. Set the 
glass on a printed page and see how the 
letters of a word are magnified. The drop 
of water acts in the very same way as à 


convex lens. 
Making an astronomical telescope anda 


microscope 
Obtain two cardboard mailing tubes, 
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objective 
lens 


'"— eyepiece lens 
Fig. 16-22 An astronomical telescope. 


each about 1’ long. The diameter of one 
tube should be slightly larger than that of 
the other. This will enable the smaller 
tube to slide back and forth in the larger 
tube. From your optometrist, optician, or 
optical supply company (see appendix) 
obtain two convex lenses. One lens should 
have a large focal length or distance, the 
other a smaller focal length. The best com- 
bination is one lens with a focal length of 
8” or 10” and one with a 1” focal length. 
Insert the lens with the larger focal 
length into one end of the larger mailing 
tube. To keep the lens firmly in place, 
glue cardboard rings above and below it 
inside of the tube, Each ring should have 
a slit or small hole in the center so 
that the top of the lens will fit tightly. You 
can estimate how thick the rings should 
be. The lens in the larger tube is called the 
objective. 
Now insert the lens with the smaller 
focal length into the other end of the 
smaller tube. Use cardboard rings again 
to keep the lens in place. This lens is called 
the eyepiece. (For further details on the 
building of a telescope, see Chapter 10, 
Your telescope is 
(Fig. 16-22), Looking through the lens in 
the smaller tube (t 
tube back and fort 


, the image will be inverted, 
However, this does not matter when you 
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look at the moon and stars. The magnifi- 
cation is the product of the larger focal 
length by the shorter. If you nave a 10 
focal-length objective lens and a 1’ focal- 
length eyepiece lens, the magnification is 
10. 


You may want to use this telescope as 
a microscope. You will need much light 
to see clearly. Set the object to be mag- 
nified on a pane of clear glass resting QI 
two blocks of wood or on two books (Fig. 
16-23). A plane mirror underneath the 
glass will help concentrate the light. Use 
a small mirror on a stand. The mirror 
can be tilted until light is reflected di- 
rectly on the object. Now slide the tube 
back and forth until you get a clear image. 
For a microscope it is best to use an eyes 
piece lens of very short focal length, such 
as A- Vo". 


HOW OUR EYES WORK 


Obtain a cow’s eye from the butcher. 
Let the children examine the tough white 
ball. All they can see is the colored circle 
called the iris, with the black pupil in the 
center. Now with a single-edge razor cut 
the eye entirely through the middle from 
front to back. A jelly-like liquid will flow 
out and the eye will collapse. 

Now look at the remaining part of the 
eye carefully and observe how the parts 


a of glass 
3. 


mirror 


is 


à e. 
Fig. 16-23 Using a telescope as a microscoP 


are arranged (Fig. 16-24A). The white of 
the eye, which bulges slightly, is called the 
cornea. Then comes the iris, which gives 
the eye its characteristic color, with the 
pupil in the center. 

Obtain another cow’s eye. In back of 
the cornea and iris is the convex lens 
which focuses the light that enters the 
eye. This time dissect the eye carefully so 
that you can remove the lens intact. Use 
the lens to focus the light from the sun or 
from a flashlight in a darkened room. 
Or set up the lens on a cardboard with 
a hole, and use it for focusing a candle 
flame onto a table top. In the back of the 
eye is a dark purple lining called the ret- 
ina. The purple is visual purple made in 
the €ye from vitamin A. The retina con- 
tains nerves which are sensitive to light. 
The lens focuses the light on the retina. 

he nerves in the retina are connected to 
the optic nerve which leads to the brain. 
The light falling on the retina sends im- 
Pulses or messages through the optic nerve 
to the brain. There the impulses are 
changed to what we call “seeing.” If the 
palit should note that the image fall- 
Pe on the retina will be inverted, help 
Re understand that the brain makes 
€m see objects erect (Fig. 16-24B). 
fr Try to borrow a commercial eye model 
9m the high school biology teacher. 
3 oint Out the different parts of the eye and 
plain how they function. You can make 
S own model of the eye with a rubber 
all. Tape a convex lens in front. A round 
Plece of cardboard can be painted to look 
ike an iris and pupil. Paste the cardboard 
d the lens. Tissue paper taped on the 
ack of the ball will serve as a retina. 
WIS he iris controls the amount of light 
2 enters the eye. This protects the 
ena from receiving too strong light and 
un reby being injured. Have a child re- 
r in a darkened room or in a dark 
ner of a room. Let the children observe 
©w wide his irises are. Because the room 


vitreous humor. 


—optic 
nerve 
‘sclerotic coat 
choroid coat 


(a) 


lens from a 
cow's eye 


(b) 


Fig. 16-24 (a) Cross section of cow's eye; (b) us- 
ing the lens of a cow's eye to obtain the image of 
a flame. 

is dark, the iris widens in order to let as 
much light into the eye as possible. Now 
ask the child to step close to the window. 
Observe how his irises begin to close down 
in order to shut out some of the light. No- 
tice a cat's iris during the day and at 


night. 
Comparing the eye with a camera 


Bring a camera into the classroom. 
Show the similarities between the eye and 
the camera. The eyelid corresponds to the 
shutter. The diaphragm of the camera 
controls the amount of light entering the 
camera, just as the iris does with the eye. 
The size of the opening of the diaphragm 
corresponds to the pupil of the eye. A 
blink is a snapshot, while a stare is a time 
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(y 


Fig. 16-25 Making a lion enter a cage. 


exposure. Both camera and eye have a 
lens. The camera has a lightproof box, 
while the eye has a lightproof eyeball. The 
retina of the eye corresponds to the film in 
the camera. In both cases light enters and 
is bent by the lens so that the image falls 
on the film or retina. 
camera 


eye 
camera lens eye lens 
film retina 
lightproof box eye socket 
diaphragm to control lens iris 
Opening 
snapshot blink 
time exposure stare 
focus by changing lens focus by changing 
distance 


lens curvature 


Pictures are permanent Pictures last about 


when developed 


À 1/16 second 
Pictures are black ang Pictures are in nat- 
White or color ural colors 
finder is necessary no finder is neces- 
sary 


Spot, obtain a 
dex card. Make a cross 
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closing the left eye and staring at the 
symbol on the right. 


Normal vision combines two images 


Each eye produces an individual image, 
but the brain combines these two images 
to form a single image. Roll a sheet of 
paper into a tube about 1” in diameter. 
Put the tube to your left eye. Hold your 
right hand beside the tube, the open palm 
toward you. Now look through the tube 
with your left eye and at your hand with 
your right eye. A hole will appear in the 
middle of your hand. Repeat the experi- 
ment, holding a book next to the tube 
with your right hand. 

On a sheet of white paper draw a cage 
and a lion beside it (Fig. 16-25). Place 
the horizontal edge of a 3" x 5” index 
card between the cage and the lion. Bend 
over and place your nose against the 
upper edge of the card. Now look at the 
cage with one eye and the lion with the 
other. The lion will seem to enter the cage. 
Repeat, using a bird and bird cage. 

Two eyes are better than one, especially 
in estimating direction. Hold two pencils, 
one in each hand, with the erasers facing 
each other. Keep the pencils at arm's 
length and about 2’ apart. Now close one 
eye and try to bring the erasers together. 
Try again, but this time use both eyes. 

Sometimes your €yes find it difficult to 
do two things at one time. Hold two pen- 
cils, one in each hand, about 12-18" away 
from you. The Point of one pencil should 
face the eraser of the other pencil. Bring 
the pencils together so that the point of 
one touches the eraser of the other. Now 
focus your eyes on a distant wall. Stare 
at a point on the wall just above the point 
where the pencils met. You will see a tiny 
pencil between the two you are holding. 
Still staring at the wall, separate the pen- 
cils slightly. The tiny pencil will shrink 
and be suspended in mid-air, Repeat the 
experiment, this time bringing your index 


Fig. 16-26 Putting a bird inside its cage. 


fingers together. A tiny sausage will ap- 
Pear between your fingers. When you 
Stare beyond the pencils or your fingers, 
cach eye makes a separate side-by-side 
Mage of them. These images overlap at 


the center to give you the extra pencil or 
finger, 


Motion Picture effect 


An image will remain on the retina of 
the eye about 1/16 second after the object 
as been removed. This means that the 
Sye will continue to see an object 1/16 
Second after the object has disappeared 
rom view, This effect is called persistence 
Of vision. 

Darken the room. Swing the glowing 
end of a small flashlight or piece of punk 
iN à circle. Persistence of vision will create 

© effect of a circle of fire. Try making 
ther figures with the cigarette or punk. 
an Taw a bird cage on a white card about 

Square. On the other side of the card 

"AW a bird and color it with a bright 
Color. With a single-edge razor, slit the 
“raser of a pencil down the middle as far 
75 it will go. Insert the card in the slit 


and hold the card firmly by pushing a 
short pin through the eraser and card 
(Fig. 16-26). Roll the pencil back and 
forth quickly between the palm of your 
hands. The bird will seem to be inside the 
cage. Have the children explain how this 
effect is produced. Another combination is 
a fish bowl and fish. 

Obtain about 20 unlined 3” Xx 5” index 
cards. Arrange them in a single pile with 
the broad side facing you. Draw a stick 
figure of a man on the right-hand side of 
the top card. Draw the figure again on 
the right-hand side of the second card, 
but change the arms and legs slightly. 
Draw figures on successive cards, each 
time changing the position of the arms 
and legs. Now collect the cards into a 
pack. Hold the cards in your left hand 
and flip them rapidly with the thumb of 


— 
E 
normal 
= 


= 
nearsightedness 


(myopia) 


— 
— 
nearsightedness corrected 


with concave lens 


— 
— see 
farsightedness 
(hypermetropia) 


——— 


> 


farsightedness corrected 
with convex lens 


Fig. 16-27 How lenses correct eye defects 


your right hand. The figure of the man 
will seem to dance. Have the class make 
their own motion pictures of a boy batting 
a ball, shooting a basket, etc. Help the 
children understand how persistence in 
vision is used in making motion pictures 
and television. 


How eyeglasses help us see 


Many people have eyeballs of just the 
right size so that the eye lens focuses the 
light exactly on the retina. Some people, 
however, have eyeballs that are too long. 
The lens now focuses the light in front of 
the retina, and distant objects seem 
blurred. Such people are said to be near- 
sighted. Other people have eyeballs that 
are too short. The lens focuses the light 
behind the retina, and near objects seem 
blurred. These people are said to be far- 
sighted. 

These eye defects can be corrected by 
using glasses with special lenses. This can 
be shown by the following experiment. 
See Fig. 16-27 for basic relationships. 
Find the focal length or distance of a con- 
vex lens. On a piece of cardboard draw a 
circle with a diameter equal to the focal 
length of the lens, Cut this circle out, 
Place the lens at the left edge of the cir- 
cle and shine a beam of light through the 
lens. If the lens does not focus the light ex- 
actly on the other edge of the cardboard 
circle, trim the circle down until this effect 
is produced. The beam of light may be ob- 
tained from a strong focusing flashlight or 
from a slide Projector with the front lens 
removed. Label this cardboard as a norma] 
eye. 

Now cut out two 
cles, one slightl 
smaller than th 
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To show how nearsightedness is cor- 
rected, shine a beam of light through the 
convex lens across the nearsighted card- 
board eye. Borrow eyeglasses from a near- 
sighted child. The lenses in these glasses 
are concave. Place one lens of the glasses 
between the beam of light and the convex 
lens. Move the concave lens back or forth 
until the light is definitely focused at the 
far end of the cardboard eye. 

Toshow how farsightedness is corrected, 
shine a beam of light from the convex lens 
into the farsighted cardboard eye. Obtain 
à second convex lens, or a convex lens in a 
pair of glasses for a farsighted person, and 
place it between the beam of light and the 
original convex lens. Move the second 
convex lens back or forth until the light 
focuses at the far end of the circle. 


TAKING LIGHT APART 


Borrow a glass prism from the high 
School physics teacher. If a prism is not 
available, a three-sided crystal from a 
chandelier will do just as well. Perform 
the experiment when the sun is entering 
the classroom. windows. Cut a narrow 
horizontal slit about %” wide and 1” 
long in a piece of dark cardboard. Paste 
the cardboard to the window, Darken the 
other windows. Put a table near the win- 
dow so that the sun’s rays fall on the table. 
Set the prism in modeling clay or soft wax 
so that the prism rests on one edge. Place 
the prism on the table in such a position 
that the sunlight falls directly on it. Ad- 
just the position of the prism until the 
sunlight passes through it and is projected 
on a white screen or cardboard on the op- 
Posite wall (Fig. 16-28). A beautiful band 
of colors, or spectrum, is formed on the 
Screen. The white light of the sun is com- 
Posed of the colors in the spectrum. As 
these colors pass through the prism, each 
one is slowed down differently, causing 
the colors to separate, Clap two erasers I? 


beam of sunlight 
from slit 


Fig. 16-28 Obtaining a spectrum. A magnifying glass placed between the prism and the screen puts 


the colors back together to form white light. 


the path of the beam of light between the 
prism and the wall. Note what happens to 
the chalk dust. 

Try making your own prism. Obtain 
Mortite cement from the hardware store. 
Tt comes in a long coiled strip. Unwind 
some Mortite and pat it into a flat cake. 
If the Mortite is not available, modeling 
clay will serve. Put three microscope slides 
or three 2” x 2" slide cover glasses together 
to form a triangle. Imbed the ends of the 
slides firmly into the Mortite or clay (Fig. 
16-29). This seals the bottom and makes 
it waterproof. Make sure the edges of the 
Slides are close together by taping them 
with narrow lengths of Scotch tape. Now 
Pour water into this triangular prism 


Fig. 16-29 A homemade prism. 


until you have completely filled it. 

You can also produce the spectrum with 
a mirror under water. Fill a saucepan 
full of water. Lean a mirror against one 
edge of the pan. Let sunlight fall on the 
water and the mirror (Fig. 16-30). Ad- 
just the mirror so that a spectrum appears 
on the wall underneath or beside the win- 
dow. Stir the water with your finger and 
see what happens. 


beam of sunlight 
rom slit 


SS 


mirror- 
Fig. 16-30 A mirror under water can produce a 
spectrum. 
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rubber bandą, 


E 


razor thin 1" slit 
in aluminum foil 
a 


\ diffraction grating held in 
Place by black friction tape 


Fig. 16-31 A mailing-tube spectroscope. 


Mailing-tube spectroscope 


In addition to breaking up light (or 
Producing a spectrum) by means of a 
prism, there are other ways of producing 
spectra. 

Obtain a hollow cardboard mailing 
tube about 14-18” long. Cover one end 
with aluminum foil, holding it firmly to 
the tube with a rubber band. With the 
Corner of a razor blade make a slit 1” 
long in the foil (Fig. 16-31). 

Obtain a sheet of diffraction grating. 
This may be purchased from Edmund 
Scientific Company, Barrington, N. J.A 
sheet of diffraction grating about 8” x 10" 
Should cost less than $2.00. Cut 1 square 
inch of this diffraction grating and attach 
it to the other end of the mailing tube. 
This may be done by attaching four strips 


of black friction tape to the other end of 
the tube in a criss- 


on two of the stri 
place the square 
the strips of tap 
two strips cross-wise, This will hold the 
diffraction grating in place, The lines of 
the grating should be parallel with the 
slit in the foil. 

and diffraction 


tric bulb that is not frosted. This is im- 


Parallel to the filament in the bulb. 

For best results, st 
from the bulb. Th 
Stay, the larger the 


ay at least 3’ away 
€ farther away you 
Spectrum produced. 
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Results are better if the room is dark- 
ened. 

As you look straight through the grat- 
ing, look for the spectrum to appear a 
little bit to one side. . 

Carefully prepare a double slit in the 
aluminum foil. This will produce even 
better results than the single slit. The slits 
must be as close together as possible. . 

Results almost as good may be obtained 
by eliminating the tube. Have each child 
hold a 1" square of diffraction grating 
to his or her eye and look at the lighted 
unfrosted bulb. An 8" x; 10" sheet of dif- 
fraction grating will give you 80 square 
inches, enough for 80 individual squares, 
1" X 1", so that each child may do the 
experiment individually. , 

Perform the same experiment, using 
sunlight instead of a lighted unfrosted 
bulb. Pull the shades down in the room, 
so that each shade is 6" from the window 
sill. Cover one of the window panes with 
black construction paper. Make a vertical 
slit in the construction paper. Now look at 
the slit of sunlight either with the mailing 
tube Spectroscope or by holding the square 
of diffraction grating to the eye. 

If the diffraction grating is not on hand, 
use some black electrica] tape. This is à 
Plastic that will stretch. Obtain a glass 
microscope slide and stretch a piece of the 
tape lightly over the length of the slide. = 
the tape vertically all the way throug 
with a razor. The tape will separate 
slightly, producing aslit. Hold the micro- 
Scope slide up to the eye so that the slit : 
Vertical, and have the children loo 
through the slit at an unfrosted bulb. 

The result will not be as sharp as the 
experiments using the diffraction grating, 

ut a spectrum will appear. 


Making rainbow colors 


s 
In a rainbow, droplets of water act a 
prisms and break up the sunlight to for 
the beautiful arch of rainbow colors. 


Early in the morning or late in the 
afternoon, stand with your back to the 
sun. Squirt a spray of water from a hose 
against a dark background of trees. A 
beautiful rainbow will be formed. 

Place a glass tumbler on the window 
sill when the sun is shining brightly 
through the window. Adjust the position 
of the tumbler so that it extends a little 
over the inside edge of the window sill. 
Fill the tumbler full of water (Fig. 16-32). 
A rainbow will be formed on a sheet of 
white paper placed on the floor. 

Blow bubbles using soapy water. Notice 
the rainbow colors in the bubbles. These 
colors are caused by a refraction from 
different molecular layers in the soap 
bubble which is several molecules thick. 
An oil film on water on the ground acts 
the same way. Fill a shallow plate with 
water, Add black ink until the solution is 
dark, Open a window and put the plate 
on the window sill where the light is very 
bright. However, do not put it into the 
sunlight. Now place yourself so that the 
light from the sky is reflected to your eye. 
While looking at the surface of the water, 
Place a drop of oil or gasoline in the water 
nearest you. A brilliant flash of rainbow 
colors will move across the plate, away 
from you, and toward the opposite side 
of the plate. 

Fill a large pan full of water. Let one 
drop of Duco cement fall on the water. 

he cement quickly spreads out into a 
thin sheet having beautiful rainbow 
Colors. Slip a piece of dark cardboard or 
Paper carefully under the sheet of cement 
and lift it out, Examine the permanent 
Colors on the cardboard. 


Seeing colors 


A colored transparent substance will 
transmit only light of the same color as 
the colored substance. Let a single ray of 
light enter the smoke box. Hold a clear 
Sheet of glass or cellophane in the path of 


Fig. 16-32 A rainbow from a tumbler of water. 


the ray. The light falling on the screen at 
the end of the box is white. Now hold a 
sheet of red glass or cellophane in the path 
of the ray. The light falling on the screen 
is now red. The red glass or cellophane 
transmitted the red part of the light and 
absorbed all the other colors of the white 
light. Repeat, using different colored glass 
or cellophane. Point out that in the thea- 
tre, colored spotlights are thrown on the 
stage in this way. 

If the smoke box is not available, use a 
focusing flashlight in a darkened room. 
Cover the glass of the flashlight with black 
masking tape and make a tiny slit in the 
tape to produce a single ray of light. 

A colored opaque substance will reflect 
only light of the same color as the colored 
substance. All the other colors in white 
light are absorbed. A piece of red cloth 
looks red because it has absorbed all the 
colors of the spectrum except red, which 
it reflects. White cloth looks white because 
all the light is reflected. Black cloth, on the 
other hand, looks black because all the 
light has been absorbed, none being re- 
flected. 

Place a piece of red cellophane over the 
glass of a flashlight. Shine the red light 
beam upon blue paper. The paper will ap- 
pear black because it cannot reflect red. 
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Fig. 16-33 — A color wheel produces white. (From 
A. Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961.) 


Now shine the red light on red paper. It 
will be seen as red because it can reflect 
red. Shine the red light on different col- 
ored objects. Make a chart of the results. 
Repeat, using different colored sheets of 
cellophane. 


PUTTING COLOR TOGETHER 


Recall the experiment where you used 
a magnifying glass to put the colors of the 
Spectrum back together to form white 
light (described earlier in this chapter). 

Have a pupil who owns a metal con- 
struction set bring in the toy electric 
motor that comes with it. Hobby shops 
also sell tiny electric motors which you 
can use. Make a cardboard circle 3” in 
diameter. Divide the circle into pie- 
Shaped sections (Fig. 16-33). With cray- 
ons, color each section. Attach this color 
wheel to the motor shaft, holding it in 
place by wrapping cellophane tape 
around the motor axle. Turn on the motor, 
All the colors will seem to blend and pro- 
duce a creamy white color. If one color 
predominates, Scrape some of it off. 

Make a similar color wheel, but smaller 


shops sell tops of a 
Painted on them.) 
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Obtain three flashlights of the same size 
which give the same amount of light. 
Cover one with layers of red cellophane, 
one with dark blue cellophane, and one 
with green cellophane. Experiment with 
the number of layers needed for each 
flashlight until all three give colored light 
of equal intensity. Now shine all three 
flashlights at one spot in a piece of white 
cardboard (Fig. 16-34). The spot will ap- 
pear white. These three colors (red, green, 
and blue) are called the primary colors. 
By combining these three primary colors, 
white is produced. Combining red and 
green light will produce yellow light. Blue 
and green will produce blue-green, and 
red and blue will produce purple. These 
are the colors of color TV. 

When primary colored lights are com- 
bined, they add to each other. However, 
when pigments are combined, they sub- 
tract from each other. Mix yellow and 
blue paint, and you will get a green color. 
Yellow pigment has some green in it. Blue 
also has some green in it. If blue and 
yellow pigments are combined, the yellow 
and blue are absorbed. This leaves only 
the green to be reflected. Red and yellow 


SN 


I | 
ey | 
| »— | 


A. 
Fig. 16-34 Combining primary color. us n 
Joseph et al., A Sourcebook for the Physica 
ences, Harcourt, Brace & World, 1961.) 


paint produce orange. Blue and yellow 
produce green. Red and blue produce vio- 
let. The three primary colors of opaque 
objects are crimson-red, yellow, and pea- 
cock-blue. Mix these three paints together, 
and you get—not white—but black. This 
combination absorbs all colors and reflects 
none. 


LIGHT CHANGES CERTAIN SUBSTANCES 


: Fold a piece of dark construction paper 
in two. Cut a design in the upper half. Put 
the construction paper on the window sill 
and let the sun shine on it for a few days. 
The design will now appear on the lower 
half of the paper. The sunlight made the 
construction paper lighter in color. 

Place one piece of dark construction 
Paper on the sill for a few days. Put an- 
other piece of construction paper in a 
drawer for the same length of time. Then 
compare the colors of the two pieces. 

Look at a dark blue jacket that has 
been worn for at least a year. Lift one 
lapel and compare the color underneath 
the lapel with the color of that part of the 
Jacket that has been constantly exposed to 
light. 

Obtain a few crystals of silver nitrate 
( Caution: This chemical is caustic.) from 
Your high school chemistry teacher or 
Pharmacist. Dissolve the silver nitrate in 
a saucer containing about 2 tablespoons 
of water. With a brush, paint the surface 
ofa smooth sheet of writing paper. Do this 
n à fairly dark corner of the room. Use 
caution with the solution as it will stain 
Your fingers and clothes. Now placea coin 
9r button on the paper. Bring the paper 
Over to the window and lay it on the win- 
dow sill in bright sunlight. After a few 
minutes remove the coin and examine the 
Sheet. The paper will have turned brown, 
except where the coin has covered it. Point 
Out that camera film is coated with silver 


Fig. 16-35 Shadow boxing. 


salts. Light affects the salts to produce an 
image on the film. Repeat, using a nega- 
tive over the paper. A positive image or 
picture of the negative will appear. The 
light splits the silver nitrate, releasing sil- 
ver which forms the black part of the 
image. 

Place a leaf on fresh blueprint paper. 
Weigh the leaf down with a sheet of clear 
glass. Now expose the paper with the leaf 
on it to the sunlight for several seconds. 
Remove the leaf and wash the paper with 
cold water. The blueprint paper is covered 
with chemicals that are sensitive to light. 
The chemicals dissolve in water. When 
light strikes these chemicals, a new chem- 
ical is formed that is bright blue. The 
new chemical does not dissolve in water. 
The blueprint paper under the leaf was 
not exposed to the light. The cold water 
washes away the chemicals that were not 
changed by the sunlight. This leaves a 
white leaf on a background of bright 


blue. 


FUN WITH SHADOWS 


If an opaque body is placed in the path 
of a beam of light, a shadow will be 
formed. Some of the light rays are halted. 
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Those light rays which pass around the 
object create an outline for the shadow. 
To show this, stretch a white bed sheet 
across the classroom. Darken the class- 
room. Place a bright lamp about 5’ 
behind the sheet. Have two boys stand 
between the sheet and the lamp (Fig. 
16-35). The boys can make believe they 
are boxing, or play dentist, surgeon, or any 
other pantomime action they wish. Have 
them watch their shadows and then bring 


CAPSULE LESSONS 


16-1 Discuss the difference between direct 
and indirect lighting. List the advantages and 
disadvantages of each. Which is best for read- 
ing? What is the best position for reading? 

16-2 Bring in an expert to show how the 
school is lighted. Have him demonstrate a light 
meter and show the pupils how to check the 
amount of light in different parts of the room, 
the auditorium, cafeteria, etc. 

16-3 Using two mirrors, show how a person 
can see the back of his head. Attach a pocket 
mirror to a ruler, using Scotch tape or paper 
clips. Let the children take turns standing at onc 
side of the door and holding the mirror outside 
the door. They will not be able to see around 
corners. Lead into the study of the reflection of 
light and mirrors. 

16-4 Borrow an €ye chart and have some 
pupils demonstrate its use. Lead into the study 
of near-sightedness and far-sightedness. Discuss 
the care of the eyes, 

16-5 Find a pupil who develops his own 
pictures. Have him demonstrate the process to 
the rest of the class. If possible, arrange for the 
high school photography club, a professional 
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their fistsup until their shadows seem to be 
hitting each other. Thus, although the boys 
are far apart, their shadows are contacting 
each other. If you wish to make the boys 
seem much different in size, have one boy 
stand near the sheet. His shadow will be 
about his real size. Have the other boy 
stand farther away from the sheet and 
nearer the lamp. He will look like a giant. 
To show what really happens, remove the 
sheet and have the boys repeat the action. 


photographer, or a competent amateur to show 
how enlarging is done. 

16-6 Have the children examine the con- 
struction and operation of a slide projector or 
film strip projector. Continue with a study of 
lenses. Have a student explain why the slides or 
film are inserted upside down. 

16-7 Discuss how motion pictures are made 
and projected. Let a pupil who has a movie 
camera and projector at home bring them inijor 
demonstration. Show how persistence of vision 
creates the illusion of motion. 3 

16-8 Borrow a microscope from the high 
school biology teacher. Have the class study its 
operation and the part which lenses play in pr 
ducing magnification. i 

16-9 Bring in a book on interior decoration: 
Have the class find out which colors produce the 
most pleasing combinations for walls, drape"! 
and slip covers, 

16-10 Let the class study how objects W€ . 
camouflaged during the war. Have the class 1? 
vestigate which animals are protectively colore 
to blend in with their surroundings. 


ere 
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Fire 


Fire is a constant fascination for young 
and old. Eyes are drawn to the glowing 
candles on a birthday cake. The changing 
colors and shapes of the flames in a fire- 
place or a campfire weave a magic spell 
of enchantment. The flare and glare of 
rockets and fireworks at a July 4th cele- 
bration stimulate and excite the imagina- 
tion. The raging flames of a burning 
building or forest fire invite awe and ter- 
ror. Fire is a constant part of the child's 
environment. A natural interest exists in 
learning the source of fire, its uses, and 
its control. 


STARTING A FIRE 


How does fire come into being? What 
conditions must be present before a fire 


can start? First, we need a material that 
will “burn.” 


What we burn—fuels 


Natural fuels include wood, coal, crude 
petroleum oil, and natural gas. Derived or 
manufactured fuels include Paper, candle 
wax, coke, charcoal, fuel oil, gasoline, ker- 
osene, fuel gas, and propane or bottled 
gas. 

To show how one fuel—coke—is made, 
use a metal can with a tight-fitting cover, 
such as a coffee can. Punch a small hole in 
the center of the cover. Fill the can about 
one fourth full of soft coal which has been 
crushed or broken into small pieces. Heat 
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the can and its contents on a hot plate or 
electric stove. A smoky gas will soon come 
through the nail hole. Wait a short while 
until all air has been driven from the can; 
then light the coal gas. Heat the can until 
all the gas has burned. After the can has 
cooled, let the children examine the con- 
tents. The solid black material is coke; the 
emitted gas was coal gas. i 
Repeat the experiment, using shor 
pieces of wood. This time charcoal i$ 
formed. You may want to try it emis 
more, this time using a crumpled sheet 9 
newspaper or paper towel. hat 
If the children would like to see W 
happens when the materials are p 
in the absence of air, repeat the rue 
ment using a test tube instead of a etm ju 
Use a Pyrex glass test tube fitted wit a 
one-hole cork stopper sccm 
short glass tube (Fig. 17-1). Place s° E 
crushed soft coal in the test tube, dab 
tightly, and heat strongly over a Buns to 
burner flame. Keep the burner coe 
vary the point of heating. Light inser 
that is given off and continue heating tube 
no more gas is formed. Let the test coke 
cool; then break it and examine the eti: 
that has been formed. Repeat me u 
ment, using short pieces of w004- rage 
may want to collect the gas in a d il- 
tank as in Fig. 17-1. This experime the 
lustrates on a small scale some vagi 
methods of gas production and pt o 
Have the children compile a 


Fig. 17-1 Heating fuels 
in the absence of air. (From 
A. Joseph et al., A Source- 
book for the Physical Sci- 
ences, Harcourt, Brace & 
World, 1961 2) 


im Classify the fuels as natural or man- 

actured, and note whether they are 
Solid, liquid, or gas. The children may 
Pia to assemble a sample collection of 
uels obtained from home or their fuel 
na gr llustrate the burning of a liquid 
smali Y igniting kerosene or alcohol in a 
N nen bottle cap. Use a Bunsen burner to 

gas combustion. 


Kindling temperature 


ee fuels burn more easily than you 
b uld expect; others, less so. Usually fuels 
am catch fire by themselves, no matter 
ünf easily they burn. Fuels must be heated 
il they are hot enough to burst into 
ame, 
gr Piin a candle, celluloid film nega- 
thi ; twist of paper, twist of cotton cloth, 
i a Stick of wood, and piece of coal. 
P t a Bunsen burner or alcohol lamp. 
mee each object to the flame and see 
ee each takes to start burning. Do 
eith old the object in your hand, but use 
ici kitchen forceps, pliers, a long- 
Wood ed spoon, or a long fork with a 
W en handle. Have a pan or pail of 
ater handy for safety. 
Ty out several other substances and 


have the children list them in order of ease 
of burning. Develop the concept that the 
temperature at which the substance bursts 
into flame is called its kindling temperature, 
and that each substance has a different 
kindling temperature. 

To compare kindling temperatures, 
place a sheet of iron or copper 6" square 
on a ring stand, on a tripod, or on bricks. 
A four-armed cross of metal cut from a tin 
can may be substituted for the sheet (Fig. 
17-2). Put the head ofa match, a piece of 
sulfur, wood, and coal on the sheet or on 
each end of the arm. The materials must 
be approximately the same size and must 
be placed at equal distances from the cen- 
ter of the sheet or cross. Place a Bunsen 
burner beneath the center of the sheet or 
cross, and light it. Note the order in which 
each material reaches its kindling temper- 
ature and bursts into flame. Do not be sur- 
prised if the coal does not burn. Help the 
children understand that one of the con- 
ditions necessary for fire is that the fuel 
must be heated until it reaches its kindling 
temperature. Actually a fuel begins to 
burn only when enough of the fuel has 
vaporized. The kindling temperature in- 
volves vaporizing the material to the tem- 
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Fig. 17-2 Comparing kindling temperatures of 
various substances. 


perature at which the vapor bursts into 
flame. A candle burns vaporized wax or 
paraffin. The wax must melt and then 
vaporize. This can be shown by inserting 
a long thin glass tube into the blue part 
of the candle flame and then burning the 
gas or vapor in the candle flame at the end 
of the glass tube (Fig. 17-3). 


Air for fire 


Halloween time provides an excellent 
Opportunity to show the children that air 
is necessary to keep a fire going. When 
preparing the class jack-o-lantern, first cut 
off the top of the pumpkin and scoop out 
the flesh and seeds. Place a candle inside 
the pumpkin, light it, and replace the top 
of the pumpkin. After a short while, lift up 
the pumpkin top and note that the flame 
has gone out. Now cut out the eyes, nose, 
and mouth. Light the candle again and 
put back the pumpkin top. The candle 
continues to burn brightly because it now 
has a constant supply of air. To show what 
happens, repeat, using an inverted milk 
bottle over a candle. 

Prepare a series of cardboard squares 
(metal can covers are better) upon which 
candles can be rested. Or 5" X 8” index 
cards can be used. Obtain at least six 
candles no more than 2” or 3” long. If 
necessary, cut new or used candles into 
the desired lengths and cut the paraffin 
away from one end until you have a wick 
at least '4” long. Try to get all the candles 
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uniform in diameter and height. To fasten 
these candles to the cardboard squares, 
first light one candle. Tilt the candle side- 
ways and allow 3 or 4 drops of the hot wax 
to drop on the center of the cardboard 
square. While the wax is still soft, hold the 
base of the candle against the wax until 
the wax hardens. 

Light a candle attached to a cardboard 
square. Set a glass jar or drinking glass 
over the candle. The flame will gradually 
go out. 

Set up five burning candles in a row. 
Obtain four sizes of glass jars—preferably 
a half-pint, pint, quart, and gallon Jar. 
This will help the children understand 
that there is twice as much air in the pint 
jar as there is in the half-pint jar, and so 
on. Place each of the four jars over a yon 
ing candle at the same time. The fift 
candle, uncovered, is the control. Using 
an electric clock or wrist watch with a 
sweep-second hand, have the children 
note how long it takes for each covere 
candle to go out. The more air there 18 m 
the jar, the longer the candle will burn. 
The candle under the pint jar will S 
about twice as long as the candle in t " 
half-pint jar. Have the children find s 
the relationship between the air 1n Js 
jars and the length of time the can 
will burn. : T 

Place two burning candles side by sl 3t 
Obtain two glass chimneys (usually fro 
a hardware store) or make your own 4 
using two #2 tin cans with their tops " 


glass tube 


2 as- 
Fig. 17-3 A flame is a mass of burning E 


moved. With a can opener cut a smaller 
opening in the bottom of each can. Now 
set both chimneys over the lighted can- 
dles, and slip flat sticks of wood or pencils 
under one chimney. The candle under the 
chimney that is resting on sticks or pencils 
will continue to burn because it has a 
ready supply of air coming in from the 
bottom. The other candle goes out. 

Air consists primarily of two gases, oxy- 
gen and nitrogen. Air contains approxi- 
mately 21% oxygen, 78% nitrogen, and 
1% other gases. Light a birthday-cake 
candle and fasten it to the bottom of a 
small pan in the same way as you fastened 
the candle to the cardboard square. Pour 
about an inch of water carefully into the 
Pan. Now put a tall clear drinking glass 
9ver the candle. The candle will soon go 
Out. Notice how the water rises up in the 
drinking glass. Help the children under- 
Stand that a special part of the air (oxy- 
Sen) is necessary for burning. When this 
Part is used up, the flame goes out. The 
Water rises to take the place of the air that 
Was used up by combustion and pushed 
Out by expansion. Measure the height of 
the glass; then measure how high the 
Water rose in the glass. 

For upper-grade children to measure 
accurately the amount of oxygen, set some 
red Phosphorus on a flat cork or piece of 
Plywood as a float. Red phosphorus can 
be obtained from your high school chem- 
SUY teacher or from a science supply 

use." Place the cork on water in a basin 
and hold a large olive jar over the float. 
Ouch the red phosphorus with a hot wire 
that has been heated in a candle flame. 
€n cover the float with the jar. At first 

à cloud of white smoke forms. This is 
Phosphorus pentoxide (P,O;). It will soon 
dissolve in the water. As it dissolves, water 
"565 up in the jar. Lift the jar to just below 


1 
_ Never use yellow (or white) phosphorus. More ac 


tiv, a 
Br than the red, it bursts into flame on contact with 


the water surface and measure the amount 
of water that rose. This should be one fifth 
the height of the jar. 

A comparison ,of these two measure- 
ments will show that the water rose to a 
height which is about one fifth or 20% of 
the height of the glass. This roughly corre- 
sponds to the per cent of oxygen in the air. 
Help the children understand that fire 
needs oxygen in order to burn. Actually a 
candle (unlike the phosphorus) goes out 
before all oxygen is removed, or at about 
the 10% level. 

Wrap a piece of soft thin wire around a 
candle. Bend up the rest of the wire to 
serve as a handle. Light the candle, lower 
it into a pint jar, then cover the jar with a 
sheet of glass or metal. The flame will soon 
go out. Remove the candle, keep the jar 
covered, relight the candle, and replace it 
quickly into the jar. The flame will go out 
almost at once because so much of the 
oxygen in the jar has been used up that 
the air can no longer support combustion. 

The children may now be in a position 
to summarize the three things that are 
needed to create fire: (1) fuel—a material 
that will burn, (2) air containing oxygen, 
and (3) heating of the fuel until it reaches 
its kindling temperature. 


BUILDING A FIRE 

Every Boy Scout should know how to 
start a fire. He arranges the materials so 
that he will have either a tepee or a criss- 
cross (log cabin) campfire. This arrange- 
ment makes plenty of air available to keep 
the fire burning. 

He piles up first dry leaves, then small 
twigs, and finally heavier wood allowing 
plenty of air space. He uses a lighted 
match to heat the thin, quickly heated 
leaves to their kindling temperature. The 
heat of the leaves, in turn, heats the twigs 
to their kindling temperature. As the twigs 
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burn, more air is able to reach up through 
the pile. 

In a fireplace the wood rests upon the 
andirons. This permits a steady supply of 
fresh air underneath the fire. Paper, thin 
pieces of wood, and logs arranged in the 
same way as in the campfire, progres- 
sively reach their kindling points. Coal 
takes a long time to reach kindling tem- 
perature. 

The surface area of a fuel plays an im- 
portant part in getting the fuel to burn. 
The greater the surface, the easier it will 
burn. Burn a sheet of paper crumpled 
into a tight ball and burn a similar sheet 
spread out. Compare rates of burning. 
Take two small pieces of absorbent cotton 
about the same size. Roll one into a tight 
little ball, hold it with forceps or tongs, 
and try to burn it. It will burn slowly and 
quietly for some time. Now spread out the 
other piece of cotton as much as you can. 
Holding it in the tongs as far away from 
yourself as possible, set fire to the cotton. 
It will flare up quickly and burn com- 
pletely in a second or two. 

Help the children understand that with 
greater surface area, a greater amount of 
oxygen can reach the fuel, and thereby 
the rate of burning is increased. This is 
why powdered fuel burns so quickly. Try 
Setting fire to a lump of coal. Now powder 
the coal and place it in a long-handled 
spoon. Holding the spoon as far away 
from yourself as possible, sprinkle some of 
the powdered coal into the flame of a Bun- 
sen burner. The powder will burn quickly, 
giving off much heat. 

Obtain lycopodium powder at the drug- 
store. Very fine, dry cornstarch will serve 
just as well. The starch may be dried by 
placing it in an open dish on top of a hot 
radiator for a few hours. Loosely fill a 
soda straw about one fourth full of the 
lycopodium powder or starch. Blow the 
powder or starch directly across the top 
of the flame of a Bunsen burner, alcohol 
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lamp, or Sterno. (Be sure to blow away 
from children.) A quick long flame results 
as the powder burns all at one time. 

Also try to burn a solid piece of alumi- 
num. Then sprinkle aluminum powder 
onto a metal tray and put a gas flame 
to the powder. It will burst into flame. Try 
burning an iron nail. Of course, it will not 
burn. Carefully sprinkle iron filings into a 
gas flame; the iron particles will catch fire. 
Ifa Bunsen burner is unavailable, you can 
use a portable gas tank torch sold in hard- 
ware stores, such as the Benzomatic. 
Torches of this type are available from 
scientific supply houses and in chain stores 
such as Sears Roebuck. 


STORY OF A FLAME 


Set a candle on a cardboard square 
Light a match and lower it to the wick. It 
will be necessary actually to touch the 
wick in order to light it. Now let the cane 
dle burn for 2 or 3 minutes. Notice 
the pool of melted paraffin around x" 
wick. Blow out the candle flame and im- 
mediately begin lowering a lighted match 
to the smoking wick. The wick will now 
light up before the match touches it. Some- 
times it is possible to light the candle this 
way when the match is an inch or more 
above the wick. 

When the wick of a candle is ies 
lighted, the heat of the burning W'S 
melts the paraffin. This melted para r 
climbs up the wick, where the flame em 
porizes the liquid paraffin into gases- yo 
these gases which burn. As long 2 t 
candle burns, paraffin will melt, rse an 
the wick, and then change to a gas ende 
burns. When the candle flame is gae 
out, the warm wick still continues tO ior e 
gas for a short time. This explains whY a 
wick lit up again before the lighted mat? 
actually touched it. Have the children à 
serve how alcohol and kerosene r!5€ 
their lamp wicks. 


To show that flame is a mass of burning 
8as, take a glass tube about 6" long and 
Insert it in a candle flame just above the 
wick (Fig. 17-3). If the tube is unavailable, 
hold the wide end of a glass medicine 
dropper into the flame, using pliers or 
tongs. Now put a lighted match to the 
other end of the tube. A flame will appear 
at this end. 


Regions and colors of flame 


Have the children examine a candle 
flame Carefully and then draw what they 
See on the board. Call attention to the two 
regions of the flame. The region next to the 
Wick is dark, while the outside region is 
bright yellow. The dark inside region can- 
NOt get as much air as the yellow outside 
region. Therefore, the gas in the dark re- 
pon is not burning as completely as the 
Bas in the yellow region, and is not as hot. 
st I5 can be shown by lowering a round 

oe about 6” long into a candle flame 
viia it almost touches the wick. Hold it 
hae for a few seconds; then lift it straight 
whi of the flame. Notice the dark ring 
ch ich is formed, with the center un- 
Nae The uncharred part was in con- 
sam With the cooler inside region. The 
did. effect can be shown by using à filing 
abos Hold it horizontally in the flame just 
as n the wick. Remove the card as soon 
Sco gins to scorch. A ring with an un- 
rched center will result. 
der your previous experiments in 
fuels foe fuel gas. In each case the heated 
the 9rmed gases which burned. Develop 
ue understanding that, regardless of the 
"sed, the flame produced is made up 
urning gas. 
op S Bunsen burner offers an excellent 
Siege unity to observe how the supply of 
Sen affects a flame. 
djust the opening at the base of the 
hr. burner so that the flame of the 
Sen burner is blue. Air (which con- 


tai d 
"s OXygen) is able to come in through 


Bun, 


the opening and mix with the gas. The 
blue flame shows that the gas is being 
completely burned. Now put your fingers 
over the opening. This shuts off the sup- 
ply of air. The flame changes from blue 
to yellow. The yellow color comes from 
hot but not completely burned particles 
of carbon in the gas. 

Hold a white china dish first against the 
yellow flame, then against the blue flame. 
The yellow flame will make the dish quite 
sooty, owing to the presence of the incom- 
pletely burned particles of carbon. The 
blue flame will form little or no soot, be- 
cause the fuel is burning completely. 

The yellow flame is not as hot as the 
blue flame. Boil equal quantities of water 
with each flame, and note which flame 
causes boiling first. 

Just as in the candle, the inner portion 
of the Bunsen flame is cooler than the 
outer portion because it does not get as 
much oxygen. Cut the stick of a wooden 
match to a length of about 2”. Push 
a pin through the match just below 
the head until the pin extends about the 
same distance from each side of the match. 
Place the match, head up, into the barrel 
of an unlit burner. The pin rests on the 
burner and supports the match (Fig. 17- 
4). Move the match until the head is in 
the center of the tube. Adjust the opening 
at the base of the burner to allow as much 
air as possible to enter. Now turn the gas 
on full and light the burner, igniting the 
gas from one side of the top of the barrel. 
Usually the gas will burn without setting 
the match on fire. Evidently the tempera- 
ture of the inner portion of the flame is be- 
low the kindling temperature of the match 
head. Sometimes the match will burst into 
flame after the gas has been burning a 
while. If the school does not have a gas 
supply, use a simple portable gas burner 
and tank. 

Have the children examine a gas stove 
and compare it with a Bunsen burner, 
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Fig. 17-4 The inner part of a flame is cooler than 
the outer part. (From A. Joseph et al., A Source- 
book for the Physical Sciences, Harcourt, Brace & 
World, 1961.) 


PUTTING OUT FIRE 


You have already shown that there are 
three conditions necessary to have fire. If 
any one of these is missing, the fire will go 
out. 

If the fuel is removed, the fire cannot 
continue. A campfire can be put out by 
scattering the burning wood. When forest 
fires occur, the fire fighters clear a broad 
path around the burning area. When the 
fire reaches the path, it has no more fuel 
and the fire goes out. When a fire breaks 
out near an oil tank, the oil is quickly 
pumped out of the other tanks. If a build- 
ing is on fire, the gas supply is turned off. 

Ifthe burning material is cooled below 
its kindling temperature, the fire will go 
out. Try this experiment. Turn on the gas 
full force in a Bunsen burner. Hold a sheet 
of iron, copper, or aluminum gauze 
about 2" above the barrel. Apply a 
lighted match to the gas above the gauze. 
A flame will appear above the gauze but 
not below it. The heat of the flame is con- 
ducted away from the gas by the gauze. 
This keeps the temperature of the gas un- 
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derneath the gauze below the kindling 
temperature. 

The children may want to make a 
model of a miner’s safety lamp. Take two 
large flat corks about 2” in diameter. Set a 
lighted candle upright on one of the corks. 
Obtain fine copper or aluminum gauze 
about 2-8” wide. Wrap the gauze around 
both corks and fasten it securely to both 
the corks with thumbtacks (Fig. 17-5). If 
the mesh isn’t fine enough, wrap the gauze 
around two or three times. The heat from 
the candle flame is conducted away by the 
gauze. Ifan inflammable gas were brought 
near the gauze, the temperature would 
not be high enough to reach the kindling 
temperature of the gas. If the model of the 
miner’s safety lamp is set inside a jar, the 
inflammable gas can be allowed to flow 
into the jar. 

Water is most often used to put out oF 
dinary fires. Water does not burn and also 
is able to absorb much heat. This cools the 
burning material below its kindling te™ 
perature, and the fire goes out. Water also 
wets the fuel so that it is less combustible. 


seph 
Fig. 17-5 A miner's safety lamp. (From A. JoseP 


et al., A Sourcebook for the Physical Sciences, 
court, Brace & World, 1961.) 


Dip most of a wooden match in water 
until it is quite wet. See how long it takes 
to light the moist head of the match in a 
candle flame. Compare the time it takes 
with that required for a dry match. 

Soak a handkerchief in a liquid made 
up of 2 parts alcohol and 1 part water. 
Squeeze out any excess liquid. Hold 
the handkerchief with tongs over a metal 
basin and, keeping it away from inflam- 
mable materials, apply a lighted match to 
the handkerchief. The alcohol will burn 
but not the handkerchief. The water keeps 
the temperature of the cloth below its 
kindling temperature. 

Try putting out a candle flame, using a 
Perfume atomizer filled with water. 

Fill a very small, thin flat cardboard 
box half full of water. Place the box on a 
metal Screen supported on a tripod, iron 
"Ing, or two piles of bricks. Heat the box 
with a Bunsen burner. The water will 
boil, but the cardboard will not burn. 
it €eping air away from a fire will make 

80 out. That is why sand is sprinkled on 
ant The best thing to do when 
nig catches on fire is to smother it 
by a blanket, rug, or woolen coat. Do 
flan run, because the breeze will fan the 
in mes. If there is a fire in a room, open- 

8 the windows will only let in more air. 
es je most commonly used method of 

UP air away from a fire is to replace 
red with a heavy noninflammable gas 

as carbon dioxide. 

TM ry ice is solid carbon dioxide. Put dry 
with à metal pitcher. Handle the dry ice 
iov a pair of gloves because the dry ice 
t bra cold and can cause frostbite. Let 
ee stand while the dry ice evap- 
€s to carbon dioxide gas. You can 
rs this process by placing the bottom 
ad e Pitcher in a pot of hot water. Wrap 
aw in wire around a lighted candle and 
a er the candle into the pitcher. The 
i ze will go out. Or pour the carbon 
Oxide gas over the candle flame. The 


flame will go out. This effect is even more 
spectacular if you pour the carbon diox- 
ide down a trough containing many can- 
dles. Set five candles on a narrow piece 
of wood. Prepare a trough by tacking 
heavy paper or cardboard to the sides and 
ends of the wood. Tilt one end of the 
trough and light the candles. Pour the car- 
bon dioxide gas down the trough. The can- 
dle flames will go out in succession. 

Carbon dioxide gas can be chemically 
prepared in the classroom. For details, see 
Chapter 12. Carbon dioxide gas made in 
the classroom can be poured over a candle 
flame in the same way as when it is re- 
leased from dry ice. 

Obtain a carbon dioxide cartridge, the 
kind that is used to make carbonated 
water. Puncture the cartridge with a car- 
bon dioxide cartridge gun and aim the es- 
caping gas at a candle flame. Wrap the 
cartridge in cloth first because the car- 
tridge becomes very cold. The cartridge 
gun may be obtained at a hobby shop. If 
the cartridge gun is not available, the car- 
tridge may be punctured with a sharp nail 
hit by a hammer, but you must work fast 
before all the carbon dioxide gas escapes. 

Another easy way to show the smother- 
ing quality of CO, is to tip a jar of vinegar 


Fig. 17-6 Carbon dioxide gas smothers a flame. 
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Fig. 17-7  Anink-bottle fire extinguisher. (From A. 
Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961.) 


and bicarbonate of soda so that the gas 
formed flows down a folded paper trough 
(Fig. 17-6) aimed directly at a candle 
flame. 


Ink-bottle extinguisher 


Take an empty ink bottle that has a 
well on its side. The Skrip ink bottle does 
quite well. With a hammer and nail punch 
a hole through the metal screw cap. Insert 
a straw, glass tube, or straight medicine 
dropper through the hole. Seal any open- 
ings around the hole with chewing gum or 
sealing wax. You may want to use a plas- 
tic medicine dropper. In this case punch a 
uniform hole slightly smaller than the di- 
ameter of the dropper and work the drop- 
per in. This will make the dropper virtu- 
ally airtight and will thus cut down on the 
amount, if any, of sealing wax necessary. 
Fill the side pocket of the ink bottle with 
powdered sodium bicarbonate. Pour 
household vinegar into the bottle until it is 
about one fourth full. While pouring, be 
careful that the vinegar does not come in 
contact with the sodium bicarbonate. 
Screw the cap on the ink bottle securely. 
Your fire extinguisher is now ready (Fig. 
17-7). Crumple some paper in a shallow 
metal pan and set it on fire. Tip the ink 
bottle upside down and aim it at the fire. 
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Not only does the carbon dioxide gas put 
out the fire, but the water helps as well. 


Other soda-acid extinguishers 


The same experiment may be repeated 
on a large scale, using a milk or other 
widemouthed bottle (Figs. 17-8, 17-9). 
Insert a glass tube through a cork stopper 
which fits into the neck of the milk bottle 
tightly. Put sealing wax or chewing gum 
around the point where the tube goes 
through the stopper. Fill the bottle half 
full of vinegar and water. Fill a small test 
tube with powdered sodium bicarbonate 
and wrap some thin wire around the neck. 
Bend the other end of the wire so that it 
hangs from the neck of the bottle. Now 
stopper the bottle very tightly and turn it 
upside down when ready to use. 

Have the children study the commer 
cial fire extinguisher. Call their attention 
to the fact that the positions of the won 
icals are reversed in this case. The sm 
vial contains sulfuric acid, which 1$ a 


tissue paper bog 
with sodium bicarbonate 


vinegar water 


Fig. 17-8 A soda-acid extinguisher 


glass or plastic tube 


solution of 
sodium bicarbonate 


Str : x 

se onger acid than vinegar. The rest ofthe 

s ntainer is filled with concentrated so- 
um bicarbonate solution. 


Foam extinguisher 


Bess fires are difficult to put out with 
Poir " the usual type of fire extinguisher. 
fas (ones kerosene into a small deep 
oris ight the kerosene and pour water 
than k urning kerosene. Water is heavier 
A wp and sinks to the bottom, 
peas di the burning kerosene on top. Re- 
Oxide € experiment, using the carbon di- 
Stirs u tinguisher. The rapid stream only 

T p the fire. 

adiu i kerosene and oil fires, a 
as "ura. ai must be used. Dissolve 
Of wate aking soda as you can in a pint 
jar. cx eed this solution into a large 
sulfate e white of an egg, or aluminum 
jar Wee ground licorice root, into the 
ough! ce soda solution and stir thor- 
alum Y. Now dissolve as much powdered 

ae “A you can in another pint of water. 
Mu e alum solution quickly into the 
e ram which contains the baking soda 
tibbies A large quantity of white foamy 

bu E of carbon dioxide gas are formed. 
Cause oo are slow to break up be- 
oamy b the egg white and alum. The 
e ed ubbles cover kerosene and oil fires 

ely, smothering them. 


Fig. 17-9 Another soda-acid extin- 
guisher. 


PRODUCTS OF BURNING 


Water 

Chill a glass or beaker and hold it over 
a candle flame for a few seconds. Notice 
the film of moisture that forms on the 
glass. Repeat the experiment, using a 
chilled spoon. The spoon fogs up, and 
even water droplets may form. One of the 
products of burning, then, is water. Test 
other flames in this way to see if water is 
one of the products of burning. 


Carbon dioxide 

Now take a narrow-necked half-pint or 
pint bottle. Select a tight-fitting stopper 
which contains a glass tube through it. 
If the stopper and tube are not available, 
use a bottle with a metal screw cap. 
Puncture a hole through the cap and 
insert a plastic medicine dropper. The 
hole should be uniform and slightly smaller 
than the dropper. Connect a long piece of 
rubber tubing to the end of the glass tube 
or dropper. Have the other end of the rub- 
ber tubing extend to the bottom of a glass 
one fourth full of limewater. Put 2 tea- 
baking soda in the bottle. Add 
vinegar; then stopper the bottle tightly. 
The limewater soon becomes milky. This 
is a test for carbon dioxide gas. The bak- 
ing soda and vinegar form carbon dioxide 
gas. The gas flows through the rubber tub- 


spoons of 
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ing into the clear limewater, making the 
limewater turn milky. 

Apply a lighted match to the bottom of 
a candle until the paraffin softens. Set the 
candle immediately in a tall drinking glass 
and hold the candle firmly until the par- 
affin hardens. Carefully pour limewater 
into the glass until it is one fourth full. 
Light the candle. Cover the glass with a 
saucer. When the candle goes out, shake 
the glass, keeping the glass well-covered 
with the saucer. The limewater turns 
milky, showing the presence of carbon di- 
oxide. Another product of burning is car- 
bon dioxide gas. 

Wrap a piece of copper wire around a 
candle. Light the candle and lower the 
candle into a tall bottle. After a while the 
flame goes out. When this happens, re- 
move the candle. Add some limewater to 
the jar, hold your hand over the mouth 
of the jar, and shake it. The limewater 
turns milky. Pour some limewater into 
another jar of just air and shake. The 
limewater remains clear. This shows that 
the carbon dioxide came from the burn- 
ing candle. 


WHAT IS IN FUELS? 
Carbon 


Lower a white china dish into a candle 
flame. A black sooty spot soon appears on 
the dish. Repeat this experiment, using 
flames from other fuels. This soot is un- 
burned carbon. Evidently the flame con- 
tains carbon which is burning. When the 
flame touches the dish, the porcelain cools 
the flame and the unburned carbon de- 
posits on the dish. 

Recall your experiments in making gas 
from soft coal and wood. The remaining 
products were coke and charcoal, respec- 
tively. Both are forms of carbon. This leads 
to the conclusion that fuels contain car- 
bon. 

Recall the experiments showing that 
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one of the products of burning is carbon 
dioxide gas. Help the children understand 
that carbon dioxide is formed when the 
carbon of the fuel combines with the oxy- 
gen in the air. The formula for carbon 
dioxide is CO,. 


Hydrogen 

Recall the experiment where chilled 
objects held against a flame produced 
mist, fog, or water droplets. Develop the 
concept that water is composed of 2 
parts of hydrogen and | part of oxygen 
(H,O). Fuels evidently contain hydrogen. 
In the process of burning, the hydrogen 
of the fuel combines with the oxygen of 
the air to form water. 

Thus, fuels usually contain carbon and 
hydrogen in complex forms. Benzene 1$ 
C, H,. Good gasoline is C,H,,. When fuels 
are burned, the heat breaks up these com- 
plex substances into simpler substances 
which are gaseous. It is these gases whic 
produce the flame. 


MAKING COLORED FLAMES 
Rainbow pine cones 


Obtain a supply of dry pine cones: a 
cones are not available, small chips i 
blocks of dry wood will do. Take a Ps d 
wooden bucket or earthenware Jar. In a 
dissolve copper sulfate (obtained mo 
science supply house or through the K 
drugstore) in water, using the ratio o of 
pound of copper sulfate to 1 gallon a 
water. Stir thoroughly. Place the one 
a mesh bag, like an onion or potato SAP" 
and immerse them in the solution. -— 

Remove the cones after they vitis 
soaked overnight. Let them drain ové t 
container for a few minutes. Then SPP ui 
the cones out on a newspaper to dry ate 
night. When dry, they can be added bent 
logs in a fireplace and will produce à 
tiful emerald-green color. 


rium 
Other chemicals can be used. Ba 


nitrate produces an apple-green flame; 
strontium nitrate, red; copper chloride, 
bluish green; potassium chloride, purple. 
Of these, potassium chloride and copper 
chloride are the least expensive. 

Do not re-use the bucket or jar for any 
Other purpose unless it is thoroughly 
cleaned. Also use caution in disposing of 
any remaining chemical solutions. Do not 
Pour down plumbing fixtures unless the 
Pipes are made of lead. Even then the 
water should be allowed to run for some 
time after the chemical solution has been 
Poured down the pipes. An alternate pro- 
cedure would be to pour the solution down 
à sewer or into the ground in a waste plot 
or dump. 


Yule logs 


, Fold newspapers in half and roll them 
into logs about 3" thick and 16" long. Do 
not make them too thick because they 
Swell on soaking. Tie the paper logs with 
twine. 
omer 5 pounds of copper sulfate (blue 
ian 4 pounds of iron sulfate (green vit- 
), and 3 pounds of rock salt in about 8 
Raoni of water. Nurseries usually have 
a three chemicals. This quantity should 
Som about eight logs. Soak the rolled 
Wspapers in this solution for 3 weeks. 
€ep the container covered, and fre- 
only turn the paper logs end over 
Ting this period of time. Now take the 


Fig. 17.19 


Fine powder can 
Produce anvex 


plosion. 


logs out and let them dry thoroughly, 
preferably in the sun. One log will burn 
in a fireplace for several hours, producing 
rainbow colors. , 


FIRE HAZARDS 


Fire is useful and essential for daily 
living. However, fire out of control is a 
dangerous and expensive hazard. There 
are many ways in which fire can be 
created accidentally, often with disastrous 
results. 

Tiny particles create a hazard because 
they burn with such explosive speed. The 
tiny particles offer a great deal of surface 
per unit of fuel. Being tiny and surrounded 
on all sides by oxygen, they burn quickly. 
Recall the experiment where the soda 
straw was partially filled with lycopodium 
powder or fine dry cornstarch. When the 
powder was blown across a flame, a quick 
flash resulted. 

Cut or punch a round hole at one end of 
a large metal can that has a tight-fitting 
cover. Put a funnel into the hole from the 
inside. Attach a rubber tube to the end of 
the funnel where it comes out of the can. 
Set a candle at the other side of the can. 
Tilt the funnel so that it is aimed at the 
candle wick. Place a small wad of cotton 
in the bottom of the funnel and then add 
a teaspoon of lycopodium powder. Now 
attach the other end of the rubber tube 


paint can with 
Æ friction top cover 
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FIRE HAZARDS 


Fig. 17-11 Gas can produce an explosion. (From 
A. Joseph et al., A Sourcebook for the Physical 
Sciences, Harcourt, Brace & World, 1961.) 

to a bicycle pump or use your breath 
(Fig. 17-10). Light the candle and put the 
can cover on securely. With the pump 
blow a blast of air sharply into the can. 
The powder, now a cloud of dust, is kin- 
dled by the candle flame, burning explo- 
sively. The resultant sudden heating of the 
air and production of gases blow the cover 
up into the air. (Caution: When doing this ex- 
periment, be sure to have children stand back.) 
The tin cover flies straight up, and it is 
therefore wise not to perform the demon- 
stration under a light fixture. 

Put some kerosene in an atomizer and 
spray the kerosene across a candle flame. 
(Exercise caution.) The atomizer breaks the 
kerosene into many tiny particles which 
burn with an explosive flash. Keep chil- 
dren back. 

Punch a hole in the lower side of a cof- 
fee can which has a tight-fitting cover. 
The hole should be large enough for a 
rubber tube to fit in snugly. Now punch 
a smaller hole in the cover of the can. 
Connect one end of the rubber tubing to 
a gas supply. Place the other end of the 
tubing inside the hole at the side of the 
can (Fig. 17-11). Turn on the gas and let 
the gas come into the can until you are 
sure gas has displaced the air inside the 
can; then light the gas escaping through 
the hole in the can cover. Now turn off the 
gas and remove the tubing. The escaping 
gas burns quietly at first while fresh air is 
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coming in the hole at the side of the can. 
Soon the combination of gas and air 
reaches the proportions of an explosive 
mixture. At this point there is an explo- 
sion and the cover blows off. (Caution: This 
experiment should be shielded with fish net, 
Screening, or wire gauze, and the children should 
stand well away.) 

Help the children understand that the 
same effect takes place with gasoline. Gas- 
oline evaporates quickly to form a gas- 
When mixed with air in the correct pro- 
portion (about 16 to 1), it forms an €X- 
plosive mixture. 

Show that a lighted cigarette is hot 
enough to produce a fire. Ask any Boy 
Scout to bring in some tinder. This tinder 
is very much like the decayed leaves and 
brush lying in the forest. You can make 
tinder by shredding dead bark and heat- 
ing it in an oven. Place the tinder in 4 
metal pan and put the lighted cigarette 
on it. Blow gently on the glowing tinder 
until the tinder bursts into flame. A flipped 
cigarette and a breeze make ideal condi- 
tions for a forest fire. 

The sun’s rays, when focused properly, 
can cause fire. Place a match in a metal 
pan. Use a magnifying glass to focus €" 
light on the match head. The head w! 
burst into flame. Focus the sunlight on 
your hand for a few seconds and notice 
the heat produced. t 

Place a round goldfish bowl in the su? 
light. Find where the sun’s rays MR 
gether at a point, just as with the magn! E 
ing glass. Place a thermometer near vem 
bowl so that the point where the ray$ foc 
strikes the bulb of the thermometer. n 
how the temperature rises. Discarded P 
bottles can cause forest fires this way- " 

Have the children rub a pencil ie e 
briskly on their desks and then place 
eraser to their upper lips. The eraser i5 
become quite warm. The heat i5 jac à 
friction. A knife placed against à m. 
stone produces enough heat to m 


sparks. The sparks are caused by the 
heated particles of stone and iron. Notice 
how warm a saw or drill becomes when 
it is used. Persons working in flour 
mills wear rubber soles to avoid creating 
Sparks caused by leather soles with nails. 
Such sparks could set fire to the flour dust, 
and the whole mill would explode into 
fire. Refer to the experiment with explod- 
ing lycopodium powder. Flour dust ex- 
plodes the same way. 

In the home, electrical wiring can be a 
hazard. Electricity produces heat. Some- 
times the insulation surrounding the wires 
1s worn away until the wires are exposed 
and touch. The heat of the wires when 
they short circuit may set materials in the 
walls on fire. 

Dismantle the electric cord from an old 
flatiron, The wire is wrapped in asbestos 
Or mica rather than in the rubber usually 
found on ordinary electric wire. Hold the 
asbestos or mica in a candle flame to show 
one it does not burn. Place a piece of rub- 
fla from ordinary electric wire in a candle 
an and show that it chars. This proves 
fone ponen rubber wire would soon 
bes "s and melt if used ina flatiron. Point 
lated € necessity for special asbestos-insu- 

cords for electric irons, toasters, heat- 
ers, and stoves. 

Another electrical fire hazard is the 
wee of paper and fabric lamp shades 
bulb. they rest too near an electric light 
100. Wrap a piece of paper around a 
into att electric bulb and place the bulb 
afe a socket, Turn on the current. After 

w minutes the paper will scorch. 

Christmas trees are very inflammable. 

er di a small branch from a pine tree 
et it dry in a warm room for several 

ays. Place the branch in a large pan or 
i aoe see how easily it can be set on 
allg ake another freshly cut branch and 
W 1t to stand in water for a few days. 

Ty igniting it. It will not burn. Recom- 


mend that the bases of Christmas trees be 
placed in a bucket of water. 

Oil or paint rags are a hazard because 
they can burst into flame by spontaneous 
combustion. When' placed in a closet, the 
oil or paint in the rag combines slowly 
with oxygen in the air. In so doing, it 
gradually becomes warm enough to burn. 


FIREPROOFING 


Mix equal parts of borax, alum, and 
ammonium phosphate. Dissolve as much 
of the mixture as possible in a bowl two 
thirds full of warm water. When no more 
can dissolve, there will be a slight excess 
in the bottom of the bowl. Dip pieces of 
cloth in this solution and allow to dry. 
Try to burn these pieces of cloth in a can- 
dle flame. Compare the result by burning 
untreated pieces of cloth. 

Another fireproofing solution for cloth 
may be made by using equal parts of 
borax and boric acid in enough warm 
water for both chemicals to dissolve com- 
pletely. Treat the cloths, and test the same 
way as stated in the experiment above. 

Fireproof paints owe their fireproofing 
quality to the presence of water-glass (so- 
dium silicate). Paint a strip of wood with 
at least three coats of water-glass solution. 
Allow each coat to dry before applying the 
next coat. When the last coat has been ap- 
plied and is dry, hold the stick over the 
flame of a Bunsen burner or gas range. 
The coating swells and a froth is formed, 
but the wood does not burn. 

Paper may be fireproofed by dissolving 
2 ounces of ammonium sulfate, Y» ounce 
of borax, and 1 ounce of boric acid in 
enough warm water to dissolve all three 


chemicals completely. Immerse the paper 
and allow it to dry. Apply a candle flame 


first to untreated paper and then to the 
treated paper. 
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CAPSULE LESSONS 


17-1 Make lists of fuels used in your com- 
munity. Discuss the advantages and disadvan- 
tages of each kind of fuel fer various uses. Collect 
and exhibit different types of fuels. Look into 
their composition. 

17-2 Examine your school heating system. 
Now discuss what conditions are necessary to 
create fire and what products are formed by 
fire. 

17-3 If your locality uses coal gas, investi- 
gate what it is, where it comes from, and how 
it is obtained. Do the same for natural gas and 
bottled gas. 

17-4 Investigate the manufacture of the 
match. Have students report on the history of 
the match. Demonstrate the differences between 
friction matches and safety matches. Demon- 
strate the proper way to strike a match—away 
from you, not toward you. Discuss the reasons 
for closing the cover of book matches before 
striking a match. Discuss other safety rules. 

17-5 Make candles, using paraffin, candle 
wax, and odd pieces of candles. Heat them on 
a hot plate in the top of a double boiler. Add 
pieces of colored wax crayons to give the desired 
color. After the wax is melted, pour the wax into 
frozen juice cans or tin Jello molds. Put braided 
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wicks in place and allow the wax to harden. The 
candles may be removed by soaking the cans or 
molds in hot water. Light the candles and study 
flames and the process of burning. 

17-6 Study the construction and operation 
ofcigarette lighters. Lead into a discussion ofthe 
conditions necessary for supporting fire and for 
extinguishing it. 

17-7 Show why certain foods are called 
“fuel” foods. Heat small amounts of butter or 
olive oil until they burn. Burn bread and nuts. 
Sugar first dipped in ashes will burn. By burn- 
ing these foods, you will show that they are fuels. 

17-8 Find out how the fire extinguishers n 
your school work. Discuss the different methods 
for extinguishing fires. 

17-9 Talk about fire safety in your home 
Discuss fire hazards. Make up safety rules for the 
home. 

17-10 Make two costumes of light net fab- 
ric. Treat one with fireproofing solution. Hang 
these costumes from a fence in the school yar à 
While the class watches, allow a pupil to light a 
candle and touch it to each costume. Now — 
up the topic of reducing and eliminating a 
kinds of fire hazards. 


" ; 3 jons sug” 
science with many simple demonstratio? 


gested. 

Bruce, G., Fuels and Fire, National Science T ó 
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HEAT MAKES SOLIDS EXPAND 


Obtain about 4' of bell wire (#18) from 
the hardware store. Remove all the insula- 
p Place two chairs back-to-back about 
b apart on a table. Attach the wire to the 

ack of each chair so that it is stretched 
tight. Borrow a boy scout knife from one 
of your pupils. Using cotton thread or 
string, suspend the knife from the center 
of the wire, Have the large blade out, and 
a the length of the thread so that the 
— point just clears the table top. Now 
b pen wire by moving a lighted candle 
blad unsen burner flame under it. The 
ide point will now touch the table top. 
oint out that the wire, when heated, ex- 
ns and becomes longer. This causes 
d s to sag until the blade touches the 
iam Watch the knife after the flame 15 
Th Oved and the wire allowed to cool. 
a e wire contracts and the blade point 
ears the table top again. 
ap bia two rectangular pieces of wood 
oo wooden dowels. At your hard- 
ë e store get a large screw and a screw 
en The head of the screw should be 
arely able to pass through the screw eye. 
'OW screw each one into the end of the 
a of wood, leaving at least 1” of 
on metal exposed (Fig. 18-1). Heat the 
to ew in a flame for a short while; then try 

Pass the screw through the screw eye. 
ecg the screw expanded when it was 

ated, it will not be able to pass through. 

Ow keep the screw hot in one flame and 


heat the screw eye in another flame. This 
time the screw will pass through the screw 
eye because both have expanded. Plunge 
the screw eye in cold water. The heated 
screw will not be able to pass through be- 
cause the screw eye contracted when it 
was cooled. Cool the screw in cold water. 
It will contract and be able once again 
to pass through the screw eye. 

The children may ask why the wire, 
screw, or screw eye expand when heated 
and contract when cooled. Help them un- 
derstand that all substances are made up 
of molecules which are in motion. Heat 
causes the molecules to move more rap- 
idly. When the molecules move faster, 
they spread apart. This makes the sub- 


L 


1 
1 i 
i 
Heat expands a screw so that it will not 
pass through a screw eye. (From G. Blough and M. 
Campbell, Making and Using Classroom Science 
Materials in the Elementary School, Holt, Rinehart 


and Winston, 1954.) 


Fig. 18-1 
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Fig. 18-2 Measuring how much 
a metal expands. 


stance expand. When the substance is 
cooled, the molecules move more slowly 
and are closer together. This makes the 
substance contract. 


Measuring metal expansion 


There is another way of showing that 
solids expand when heated. Obtain a 
piece of wood 3’ x 6” x 1”: two 6” 
lengths of 2” x 4” lumber; and a strip of 
metal about 3’ long. Aluminum or copper 
is best, but brass or iron will also work 
well. A flat strip is preferable, but a cylin- 
drical rod (such as a solid brass curtain 
rod) will also be satisfactory. 

Attach a 2 x 4 block firmly at each end 
of the wooden board, using wood glue or 
nails hammered in from the underside of 
the board. Fasten the metal strip securely 
to one wood block with bent nails (Fig. 
18-2). Obtain a small wooden dowel or 
glass rod about 14” in diameter and place 
it on the second wooden block. Rest the 
other end of the metal strip on the dowel 
or glass rod. 

Cut out a cardboard arrow, and with 
a tack attach the arrow at its mid-point 
to the center of the wooden dowel. If you 
use a glass rod, glue the arrow to the rod. 
Cut out a piece of cardboard and draw 
lines to make a dial. Tack the dial to the 
wooden block so that it is directly in back 
of the arrow. 

Now heat the center of the metal strip 
with a candle. As the strip is heated, it will 
expand. As it expands, it rubs against the 
dowel or glass rod and causes it to turn. 
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This turns the arrow, which moves along 
the dial. Heat the metal strip by moving 
the candle back and forth under it. Using 
three candles at one time, see how far you 
can make the arrow move. The farther it 
moves, the greater the expansion of the 
metal strip. 


Examples of expansion 


Call the children’s attention to the 
space between the slabs of concrete side- 
walks. This allows the concrete to expand 
in hot weather without buckling the pave- 
ment. Also call attention to the spaces ed 
expansion between the ends of railroa 
tracks. Bridge construction also allows for 
expansion and contraction. In the winter 
the concrete can contract without forming 
cracks. For the same reason small spaces 
are left between sections of steel rail. i 

Note that telephone wires hang loose y 
in the summer when it is warm, and dd 
come tighter in the winter when it is CO 3 
Sometimes in deep cold, they become $ 
tight they hum or “sing.” Iron rims ie 
fitted on wagon wheels while the rims a i 
red-hot. When the rims cool, they kom 
and fit tightly on the wagon wheel. wena 
rivets that hold steel girders togeier s 
steel buildings and bridges are put in p 
hot. They contract when cold and hold 
steel together. WC 

When a metal cover on a glass on 
stuck tight, pouring hot water on x 
metal cover will cause it to expand, i 
the cover can then be unscrewed easily- e 

Rubber seems to be an exception to t 


rule that solids will expand when heated. 
Place a wooden board over two chairs 
placed back-to-back. Screw a cup hook 
into the underside of the board. Cut a rub- 
= band in two. Tie one end of the rubber 
w to the cup hook. Attach a teacup to 

€ other end. Now pass a candle flame 
rapidly up and down the rubber band 
many times. Do not hold the flame at any 
cm Spot too long, or the rubber will burn. 

he teacup will be jerked upward as the 
rubber band contracts. 


HEAT MAKES LIQUIDS EXPAND 


Fill a soda bottle to the top with water 
SERES with red ink or vegetable dye. In- 
f: i a one-hole rubber stopper containing 
a ass or plastic tube about 12” long into 
ior. neck of the bottle. Use a twisting, ro- 
th y motion when you put the tube into 
exi stopper. Hold the tube against the 

Opper as you work it in. When the stop- 
ed is pressed into the bottle, the liquid 
sella a short way up the tube. Place a 
of th eth cnet the tube at the level 
tle j RS iquid in the tube. Now set the bot- 
of d a Jar or pan of hot water. The level 
pla € liquid in the tube will rise. Then 
enit the bottle in a jar or pan of very 
tub water. The level of the liquid in the 

€ will fall below the mark set by the 
rubber band, 
ax children should now realize that 
Mien will expand when heated, and will 
ex ract when cooled. If you repeat the 
es eni with other liquids, such as al- 
ol or mercury, the same effect will be 
Produced, 
"Ness the soda bottle full of very hot 
aes Stopper the bottle or cover the top 
3 Sides with Saran Wrap to prevent the 
ater from evaporating. When the water 
t n cooled to room temperature, remove 
will stopper or covering. The soda bottle 
the n no longer be filled with water to 
op. When the water cooled, it con- 


tracted and therefore became smaller in 
volume. 

. Point out that when heat is applied to 
liquids, the molecules move faster. This 
causes the molecules to move farther 
apart, and the liquid expands. However, 
you might also point out that when the 
molecules spread out, this increases the 
space between the molecules. Conse- 
quently, there are fewer molecules in the 
same amount of space. This means that, 
when warm, liquids will weigh less per 
unit of volume. On the same basis, liq- 
uids weigh more when they are cold be- 
cause the molecules are packed more 
closely together in the same amount of 
space. 

To prove this, obtain two empty quart 
milk bottles. Fill one bottle full of hot 
water that has been colored with red ink 
or vegetable dye. Fill the other bottle full 
of very cold clear water. Hold a piece of 
cardboard firmly over the mouth of the 
bottle containing the cold water. Holding 
the cardboard firmly in place, turn the 
bottle upside down and place it on top of 
the bottle of hot water. Make sure the 
mouths of both bottles are exactly in line 
with each other. Now slowly pull out the 
cardboard. Immediately the colored hot 
water will spurt up into the cold clear 
water. Help the children understand that 
the clear cold water weighs more than the 
colored hot water, even though both bot- 
tles have the same volume of water. The 
heavier cold water immediately falls down 
and pushes up the warmer colored water. 

Repeat the experiment but reverse the 
procedure this time. Fill one bottle with 
cold water that has been colored red. Fill 
the other bottle with clear hot water. 
Place the piece of cardboard over the 
mouth of the bottle containing the hot 
water. Turn the bottle upside down and 
op of the bottle of cold col- 
When the card is removed, 
he colder heavier 


place it on t 
ored water. 
little happens because t 
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colored water stays in the bottom bottle 
except for some minor diffusion. 

You may also want to call the children’s 
attention to the peculiar behavior of water 
when it approaches the freezing point. At 
ordinary temperatures water expands 
when heated and contracts when cooled, 
just like other liquids. If you should cool 
water, it would contract until it reached 
a temperature of 39° F (4° C). However, 
if water is cooled still more, it now begins 
to expand and continues to expand until it 
freezes at 32° F (0°C). When it freezes 
and forms ice, it expands even more. This 
makes ice lighter than water, which ex- 
plains why ice floats in water. 

Since water at 39° F has contracted 
more than water at 32° F (the freezing 
point), the water at 39° F is heavier and 
sinks to the bottom. This keeps the cold- 
est water at the top and it freezes first. 
This is why rivers, ponds, lakes, and 
oceans freeze first at the top. 

If water did not behave in this unusual 
manner, but kept on getting heavier as it 
got colder, then the coldest water would 
always be at the bottom. Water would 
then freeze from the bottom up. Ponds 
and lakes might be frozen solid, and all 
things living in them would be killed. 


HEAT MAKES GASES EXPAND 


When gases are heated, they expand; 
when they are cooled, they contract. Ob- 
tain a soda bottle and a one-hole rubber 
stopper to fit the bottle. Using a twisting 
motion, insert a glass or plastic tube 12” 
long into the stopper, and then put the 
stopper in the neck of the bottle. Fill a 
bowl or jar with water colored with red 
ink or vegetable dye. Place the tube into 
the bowl of colored water. 

Now heat the bottle by clasping it 
tightly with the palms of your hands. If 
you wish, you may wrap a rag soaked in 
hot water around the bottle. Bubbles of 
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air will come out of the end of the tube. 
The air in the bottle is heated and ex- 
pands, and some of it is pushed out. 

Now remove your hands and hold the 
bottle upright by the neck with your fin- 
gers. After a while the colored water will 
rise up into the tube. Point out that the 
heated air now cools and contracts. The 
colored water which enters the tube re- 
places the air that was driven out. Heat 
the bottle again and watch the water in 
the tube go down. 

Snap a small balloon over the neck of 
a soda bottle. It is wise to stretch the bal- 
loon first to make sure it will inflate easily. 
Place the bottle on a hot radiator or ina 
bowl of very hot water. The balloon will 
inflate because the air inside the bottle is 
heated and expands. Now place the bottle 
in a bowl of ice or very cold water. The 
heated air cools and contracts, and the 
balloon deflates. 

Gases also weigh less when heated. Two 
containers, cut from milk cartons, are 
hung from a ruler or stick in an upside 
down position, with a string running t9 
the four corners (Fig. 18-3). The contain- 
ers should be as equal in size as possible- 
Adjust the center loop and (if necessary) 
the end loops until the two containers ar* 
balanced. Now hold an electric lamp Y™ 
der the open bottom of one container- 
warmed air fills the container, the othe? 
container of cold air moves downware» 
showing that it is heavier. The molecules 
of air in the warmed container il 
faster and expand, and some of them leav 
the container. The cold air contains m 
molecules because they are closer togeth . 
than those in warm air. Thus, the can 
tainer of cold air holds more molecules» 
and is heavier. 


RATE OF EXPANSION 


Different solids expand and cont 


ract at 
different rates when heated or cooled- 


Fig. 18-3 Air weighs less when heated. 


= thin strips of copper and of iron at 
the hardware store. The strips should. be 
about 12" long and 2" wide. If the iron 
iiio R unavailable, you can cut your own 
oh tae a tin can, using tin snips. Brass 
ed € used instead of copper. Trim the 
ges carefully so that they will not cut 
you. Place the two strips together and 
TER holes in them at 2” intervals with 
to arge nail. Then tightly bind the strips 
P bag with small bolts and nuts. Two 
"Fn of wood will provide a handle for 
to meta] strips. Place the pieces of wood 
ane and bore a hole in them the size 
pi olt. Place the two strips between the 
eces of wood so that an end hole through 
x metal strips is in line with the hole 
t mE the pieces of wood. Insert the bolt 
and ugh the holes and tighten the wood 
ou metal strips together with the nut. 
No compound bar (bimetallic strip) is 
Chas ready to operate. You can also pur- 
su € a compound bar from a scientific 
Pply company. 
ace the compound bar in the flame of 
Unsen burner or container of canned 
as Small cylinders of propane gas are 
gom available at Sears Roebuck, Mont- 
Cylinda. Ward, and hardware stores. 
"der, supported on a stand, has a valve 
us controls the amount of gas released. 
E excellent substitute for a Bunsen 
Per er. When the bar is heated, the cop- 
€xpands more than the iron, 5° that 


hea: 


The 


the strip bends upward with the copper 
on the outside of the bend. When the bar 
is cooled, the strip will now bend in the 
other direction. 


Homemade thermostat 


The compound bar can be used as a 
homemade thermostat to show how the 
thermostat controls the heat in a room. 
Obtain two dry cells, bell wire, a bell, and 
a miniature porcelain socket containing a 
one-cell electric bulb (1% volts). Make a 
U-shaped block of wood, as shown in Fig. 
18-4, Punch nails in the top and bottom of 
the block of wood. Connect a dry cell and 
the bell to one nail and the compound 
bar. Connect a dry cell and the bulb to 
the other nail and the compound bar. 
Support the compound bar between two 
books, with the copper strip on top. The 
height of the nails should be adjusted so 
that they are very close but not touching 


the compound bar. 
Now heat the compound bar. The bar 


l 


Fig. 18-4 A homemade thermostat, 


RATE OF EXPANSION 289 


will curve upward, touch the nail to com- 
plete the circuit, and the bulb will light 
up. This means that there is too much 
heat. In a real thermostat, the furnace 
would shut off and heat would now be 
prevented from coming into the room. 
Remove the flame and let the bar cool 
down. Place small Pieces of ice on the 


compound bar. The bar will now curl 
down, touch the other nail, and the bell 
will ring. This shows that there is not 
enough heat. In a real thermostat, heat 
would now be sent up into the room. 


HOW HOT? HOW COLD? 


The measurement of temperature is 
something that fascinates children. They 
know from experience that some things 
are warmer or colder than other things. 
Usually they distinguish between hot and 
cold by using their sense of touch. Point 
out that our sense of touch may not be ac- 
curate, and sometimes it deceives us. 

Obtain three pans or jars the same size. 
Into one pan pour hot water—as hot as 
the children’s hands can stand without 
discomfort. Into the second pan pour an 
€qual amount of lukewarm water (about 
room temperature). Into the third pan 
pour an equal amount of very cold water, 

Have one of the children put one hand 
in the pan of hot water and his other hand 
in the pan of cold water for about a min- 
ute. Then have the child place both hands 
together in the pan containing the luke- 
warm water. The child will note that the 
lukewarm water feels hot to the hand 
which was in the cold water, while the 
Same water feels cold to the hand which 
was in the hot water. 

The children should now realize that 
they cannot rely upon sense of touch to 
measure temperatures. 


The thermometer 


Thermometers are used to take the tem- 
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perature of an object in order to tell us 
how hot or cold it is. Temperature is actu- 
ally a form of measurement, just like the 
inch, foot, or yard. These last are meas- 
ures of distance—how long or how wide a 
body is; temperature is a measure of heat 
—how hot or how cold a body is. The 
ruler is the instrument we use to measure 


Vengrh (distance), while the thermometer 
is the instrument used to measure temper- 
ature. 

Obtain a mercury thermometer. Have 
the children examine it and the markings 
on it. Note the bulb at the bottom which 
contains the mercury and the glass tube 
inside the thermometer where the mer- 
cury travels. Place the thermometer in a 
glass of warm water and see the column 
of mercury rise up the tube. Then place 
the thermometer in a glass of cold water 


and see the mercury column fall. . 
Point out that the principle upon which 
the thermometer operates is very simple. 
When the thermometer comes in contact 
with warm objects, the mercury becomes 
warm, expands, and rises up the tube. The 
amount it will rise depends upon how 
warm the mercury becomes. When the 
mercury comes in contact with cold ob- 
jects, the mercury cools and contracts, 
and the level of mercury in the tube falls. 

Help the children understand that the 
markings on the thermometer are man- 
made. Show them how these markings are 
derived. Place the thermometer in a glass 
jar containing a mixture of ice and water- 
Let the thermometer stand in this mixture 
for 20 minutes. This is called the freezing 
Point of water. On the Fahrenheit scale of 
temperature measurement the freezing 
point is 32°, 

Now boil water in a small pot and place 
the thermometer in it for 5 minutes. This 
is called the boiling point of water. On the 
Fahrenheit scale the boiling point is 212 : 
If you live at a high altitude, the boiling 
point may not register 212° because © 
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the reduced air pressure. In this case 
simply call the children’s attention to how 
close the level of the mercury comes to 
212°, 

Point out that for the Fahrenheit scale 
the difference between the boiling point 
(212°) and the freezing point (32°) is 212 
minus 32, or 180°. Thus, the distance be- 


tween the zero point and the bailing point 
is divided into 180 equal spaces. Each 
Space is called a degree (Fahrenheit). 

On the centigrade (metric or scientific) 
System, freezing point is 0° and boiling 
Point is 100°. The space between these 
two points on the thermometer is divided 
into 100 equal divisions. Each division, or 
Space, is also called a degree (centigrade). 

Thus, we see that 32° Fahrenheit, or 


freezing point, equals O° centigrade, 212° 


Tahrenheit, or boiling point, equals 100° 
centigrade. 


Itis not necessary to explain the centi- 
&rade scale in the lower grades unless 
Children raise the question. Point out that 
in the United States the Fahrenheit scale 
is used for everyday nonscientific tempera- 
ture measurements. The centigrade scale 


15 used in the laboratory for scientific 
measurements, 


A water thermometer 


The oldest of the temperature-measur- 
8 devices is the water thermometer. To 
make a water thermometer, obtain a milk 
ottle, a milk-bottle cap, a plastic “pea 
Shooter” tube, and some red or green ink 
°F vegetable dye. Fill the milk bottle full of 
Water colored with the red or green ink or 
Vegetable dye. Make a hole in the center 
Of the milk-bottle cap to fit the clear plas- 
tic “bea shooter” tube. Insert the tube 
through the hole in the cap and fit the cap 
9n the bottle. 
ith a medicine dropper add more 
Colored water through the open end of the 
tube until the water is halfway up the tube 
(Fig, 18-5). Seal the tube to the cap with 


in 


ooo 


A 


candle wax or sealing wax. Also seal the 
edge of the cap to the top edge of the bot- 
tle. Put a few drops of oil on top of the 
colored water in the plastic tube to pre- 
vent the water froni evaporating. Finally, 
fasten a white index card behind the tube 
with strips of Scotch tape. 

Place the thermometer on the window 


SW, Have the children make a mark on 
the card behind the level of the liquid. 
You should also read the actual tempera- 
ture on a standard commercial thermom- 
eter so that the children can mark the 
temperature on the index card each day. 
In about a month the w 
will be calibrated, and 


read the temperature dir 
dex card 


Ifthe water thermometer is used on the 
outdoors window sill in winter, add 25% 
rubbing alcohol to prevent freezing, 


If space is available, each Pupil can 
make his own thermometer. Half-pint 
cream or milk bottles can be used to con- 
serve space. 


ater thermometer 
the children can 
ectly from the in- 


A gas thermometer 


A gas thermometer is the simplest of all 
thermometers. Yet, strangely enough, it 
makes the most sensitive and accurate 
thermometer. Scientists use a gas ther- 
mometer that usually contains hydrogen. 
For elementary school use, ordinary air 


Fig. 18-5 A water thermometer, 
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Fig. 18-6 An air thermometer. 


will serve well. Obtain a thin-walled, flat- 

sided medicine bottle that has a metal 

screw cap. If the screw cap is not avail- 

able, a cork will serve. Also obtain a thin, 

Seas plashe drinking straw, Make a hole 
in the center of the cap or cork to fit the 
straw. Insert the straw through the hole 
in the cap and put the cap on the bottle. 
Seal the straw in the hole with candle wax 
or sealing wax. 

Attach the bottle to a thick flat board in 
an inverted position (Fig. 18-6). Wire or 
string, fastened with nails, will hold the 
bottle in place. Place the end of the straw 
in a small glass or bottle of colored ink or 
vegetable dye. 

Warm the bottle (air thermometer) with 
your hands until many air bubbles move 
out of the end of the straw into the liquid 
below. Then remove your hands and wait 
at least 15 minutes. A small column of 
colored liquid will rise in the tube to take 


the place of the air bubbles that were 
forced out, 


The gas thermom 
use. Place 


The bottle 


down. Now 
cold water 
the bottle c 
up the stra 


place a Sponge soaked in very 
9n the bottle. The air inside 
ontracts, and the liquid rises 
W quite rapidly. On this ther- 
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mometer, one degree difference may pro- 
duce a difference of one or more inches 
on the thermometer. 


A metal thermometer 


When temperatures are very high, a 
liquid thermometer cannot be used be- 
cause the liquid would boil and break the 
bulb. Consequently, a solid is used. 

Recall or repeat the experiment in the 
section on “Heat Makes Solids Expand, 
which involves the use of a flat metal rod 
resting on two blocks of wood. Point out 
again that, as the rod is heated, it expands 
and rubs against the wooden dowel, caus- 
ing the dowel to turn. This turns the card- 
board arrow, which indicates on the dial 
the increase in temperature. 

Obtain a discarded oven thermometer 
or purchase an inexpensive one at the 
dime store. Take the thermometer apart 
and remove the coiled spiral spring. This 
spring is actually a compound bar made 
up of brass and iron welded together. 
When the coil is heated, the metals ex- 
pand and cause the coil to turn. This 
moves a pointer along a dial, indicating 
an increase in temperature. 

Straighten out the coil and punch 2 
hole in each end. Then rewind the coil 
into a loose spiral about 2” in diameter, 
making sure that the brass side is on the 
outside. Obtain a piece of wood 6" X 3 f 
X 2”, and fasten it to a larger piece © 
wood (Fig. 18-7). A nail or screw from the 
bottom of the larger piece of wood to the 
smaller will hold both pieces firmly to- 
gether. Draw a dial face on a white index 
card and glue or tack it to the side of the 


Fig. 18-7 A metal thermometer. 


erect piece of wood. Nail a wooden dowel 
or narrow piece of wood to the base, a few 
inches away from the dial. The dowel 
should be about 3” high. 

Bend the inside end of the spring with 
pliers and tack it to the top of the dowel. 
Then cut a thin pointer from a tin can, us- 
ing tin snips. Punch a hole with a nail into 
the broad end of the pointer and attach 
the pointer to the outer end of the spiral 
with a tack or screw. Now bend the outer 
end of the spring until the pointer is at the 
mid-point of the dial. . 

Pass a lighted candle across the spring 
and notice how the pointer rises. An elec- 
tric bulb brought near will produce the 
Same effect. Place the thermometer in 
the refrigerator or outside on a cold day, 
and note how the pointer falls. Then put 

it on or near a radiator, and the pointer 
will rise again. 


The clinical thermometer 


Bring a clinical thermometer to class or 
borrow one from the school nurse. Take 
the temperature of several of the children. 
Always sterilize the thermometer after 
each reading by dipping it into alcohol or 
an antiseptic solution and then rinsing 1n 
cold water, Be sure to let the children see 
you shake the thermometer down after 
each reading. 

Point out that the body temperature of 
Most people is 9845; (98.6)° F. If you 

ave a fever, your temperature will be 
much higher. Because body temperature 
is so important in detecting illness, the 
clinical thermometer is constructed so as 
to be very sensitive to any changes in tem- 
perature, It is marked off in tenths of a 
degree, rather than in degrees like room 
thermometers. 

Call the children’s attention to the fact 
that you had to shake the thermometer 
down after each reading. Point out that 
in an ordinary thermometer the level of 
the mercury would begin to fall as soon 


as the thermometer was taken out of the 
child’s mouth. This would make it im- 
possible to obtain an accurate reading of 
a person’s temperature. To prevent this, 
there is a narrow constriction in the tube 
just above the mercury-filled bulb. When 
the thermometer is placed in the mouth, 
the mercury expands and forces its way 
past this constriction. In a clinical ther- 
mometer the mercury cannot fall through 
the constriction back into the bulb. There- 
fore, the level of the mercury remains at 
the same place in the tube as when it was 
in the person’s mouth. Shaking down the 
thermometer will force the mercury past 
the constriction and into the bulb, so that 
the thermometer can then be used again. 


Maximum-minimum thermometer 


While engaged in a unit on weather, 
the class may want to keep a record of the 
temperature during a 24-hour period. 
From the dime store obtain an inexpen- 
sive metal dial thermometer, like the one 
shown in Fig. 18-8. First remove the glass 
front. Then bend the pointer end of the 
needle down toward the dial so that it 
barely misses the dial. Smoke up the dial 
with a candle flame so that all the tem- 
perature numbers are covered with soot. 


Fig. 18-8 A maximum-minimum temperature 
thermometer. (From A. Joseph et al., A Sourcebook 
for the Physical Sciences, Harcourt, Brace & World, 
1961.) 
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note: scrape wire clean before 


wzrell wire — exposing to flame 


copper bell wire 


iron (coat 
honger wire) 


Fig. 18-9 A thermometer that detects the pres- 
ence of an electric current. 


The bent pointer of the needle will move 
through the soot and leave a white track, 

The left end of the track will indicate 
the lowest, or minimum, temperature. 
The right end will indicate the highest, or 
maximum, temperature for the same pe- 
riod of time. The period can be 24 hours 
or a week end. By rubbing away the soot 
at each end of the white needle track, the 
children can read the maximum and min- 
imum temperature during any desired 
period of time. 

If the maximum-minimum thermome- 
ter is used to record outdoor temperatures, 
it should be placed under a shelter to pro- 
tect it from rain or snow. After a reading 
is taken, the dial can be resmoked with 
soot from a candle flame. Commercial 
maximum- and minimum-temperature 
thermometers are U-shaped. The liquid 
pushes two little iron cylinders, called rid- 
ers. The position of these little cylinders is 
read in degrees. They are set by means of 
a small magnet to bring the rider in con- 


tact with the mercury in the U-shaped 
thermometer. 


An electrical thermometer 


Extremely sensitive, electric thermome- 
ters are used to measure the temperature 
inside engines and other inaccessible 
places. The Operation of such thermome- 
ters is based on the fact that under special 
circumstances heat may produce electric- 


ity. When two wires of different materials 
are twisted together and heated at their 
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point of contact, a faint electric current is 
produced. The hotter the metals become, 
the more electric current is produced. 
Obtain a piece of #18 copper (bell) 
wire and a piece of iron wire the same 
thickness. Both wires should be about 15” 
long. Clean both wires with steel wool; 
then twist the wires together at one end. If 
you wish, you may use a piece of wire cut 
from a thin metal coat hanger. Scrape all 
the paint off with sandpaper. Remove all 


the insulation from the length of copper 
bell wire. If necessary, use pliers to twist 
the wires together at one end. 

Make a compass galvanometer by 
wrapping at least 50 turns of #26 or 28 
copper wire around a compass over its 
north-south axis (Fig. 18-9). Connect the 
free ends of the copper and iron wires to 
the wires of the compass galvanometer. 
Now heat the twisted ends of the wires in 
a candle or Bunsen burner flame. The 
compass needle will deflect, showing the 
presence of an electric current. 

Point out that if a dial face were placed 
underneath the compass needle, the needle 
would register changes in temperature. 
The hotter the twisted ends, the more the 
needle would deflect. 


Colder than the North Pole 


The children may be interested to an 
what happens to things in extremely col 
temperatures. Obtain some dry ice, ace- 
tone, and a #2 fruit or vegetable can. 
Any local store that sells ice cream can 
order dry ice for you, or the man who de- 
livers the ice cream to the school lunch 
room can get it for you. Local colleges eal 
universities may also have dry ice avali- 
able. Acetone can be purchased at your 
Pharmacy or obtained from your hig 
school chemistry teacher. h 

First wrap the dry ice in a towel or jov 
and, by hitting it with a mallet, break i 
into small pieces. The temperature of dry 
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ice is approximately 103° below 0° F. Be 
very careful, therefore, in handling it. 
Wear gloves and use tongs or a spoon to 
pick it up. 

Place about 2” of acetone in the tin 
can. Now add dry ice to it a little at 
a time. There will be a violent bubbling 
at first,anda fog will form. This will settle 
down as the acetone is cooled. When the 
bubbling stops, add more dry ice until 
no more dissolves in the acetone and 
Some pieces remain at the bottom of 
the can, (Warning: Do not place fingers in 
the mixture.) 

Take a frankfurter. Show that it is soft 
and pliable. Place it in the acetone-dry ice 
combination. After a while remove it and 
tap the chalk board with the now rock- 
hard frankfurter. 

Place a flower in the mixture. The 
flower will freeze immediately. Upon re- 
Moval it will be beautiful but very brittle. 

f you Squeeze it lightly, it will disinte- 
&ate into tiny pieces. 

Put a celery stalk in the solution. When 
You take it out, it will be as hard as brick. 
It Will snap into pieces if you try to bend 
it. Rubber bands will become brittle and 
break. Connect a length of wire to a grape 
Or a segment of an orange and lower it 
Into the mixture. Wear gloves when hold- 
ing the wire, The grape or orange, when 
removed, will be brittle and can be shat- 
tered into small pieces. 

lace liquid mercury in a Pyrex test 
tube and put the test tube in the mixture. 
. 1€ mercury will become a solid because 
't freezes at about 38° below 0° F, while 
the acetone-dry ice mixture is close to 103° 
i 0° F. If you lower a small can con- 
"Ing water into the mixture, the water 
Will freeze solid in several minutes. 
n the outside of the can containing 
€ mixture, the children will notice a 
Ayer of frost forming. Moisture in the 
ea of water vapor in the air condenses 
€ extreme cold surrounding the tin 


can to form ice crystals on the sides of the 
can. 

The experiment with the mercury will 
show the class that mercury thermometers 
are useless in very cold parts of the Arctic 
and Antarctic. Now place a Pyrex test 
tube of rubbing alcohol or a small tin can 
of alcohol in the mixture. It will not 
freeze, showing that alcohol is useful for 
low-temperature thermometers. However, 
the alcohol is useless for high tempera- 
tures, because it boils away at about 178? 
F. This is even lower than the boiling 
point of water (212° F). Mercury, how- 
ever, is good for higher temperatures, be- 
cause it boils at about 480° F. 

If you want to keep the mixture for a 
few hours, pour it into a widemouthed 
thermos bottle. Use gloves while handling 
and be very careful when pouring. When 
you are through with the mixture, let it 
stand in the tin can overnight. The sur- 
rounding air in the room will gradually 
bring the mixture up to room tempera- 
ture. Then you can discard it. 


CHANGE OF STATE 


Obtain six small empty tin cans. Also 
obtain an ice cube, a lump of butter, lard 
or animal fat, a piece of solder, copper 
wire, and iron or steel wire. Roll the 
solder, copper, and iron into separate 
balls. All six solids should be approxi- 
mately the same size. Place a different 
solid in each of the tin cans; then heat 
each can over an electric hot plate. Note 
which solids melt and, if possible, the time 
it takes for each solid to melt. The ice, but- 
ter, and fat melt very easily. The solder 
takes longer to melt. However, the heat of 
the hot plate is not great enough to melt 
the copper and iron. Point out that the 
copper and iron will melt if heated to a 
high enough temperature. The experi- 
ment is more graphic when conducted 
with Pyrex test tubes and Bunsen burn- 
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ers, and when all six are heated at the 
same time. 

Let the cans cool and observe the melted 
substances become solids again. When we 
convert solids to liquids, we say that they 
melt. When liquids are converted to sol- 
ids, we say that they solidify. Most sub- 
stances melt and solidify at the same tem- 
perature. Butter is one of the exceptions, 
since it melts at one temperature and so- 
lidifies at a slightly lower temperature. 


Molecules in motion in solids, liquids, and 
gases 


The children may wonder how heat 
causes a solid to change into a liquid. 
Help them understand that all substances 
are made up of tiny particles called mole- 
cules. These molecules are always moving, 
and there are spaces between the mole- 
cules. When heat is applied to a substance, 
the molecules move faster and are farther 
apart. When the substance is cooled, the 
molecules move more slowly and come 
closer together. In the solid state the mole- 
cules are very close together. In fact, scien- 
tists believe that in solids each molecule is 
fixed to a spot and is vibrating. When the 
solid is heated, the molecules vibrate faster 
and faster. At a certain temperature, 
which we call the melting point, the mole- 
cules break loose and move around freely. 
This may account for the fact that solids 
have a definite size and shape, while liq- 
uids have a definite volume but no shape. 
As the molecules vibrate more rapidly (in 
the solid state) or move farther apart (in 
the liquid state), the substance expands. 
When a liquid is cooled, the molecules 
come closer together. At a certain tem- 
perature, called the freezing point, the 
molecules stop moving freely and now 
only vibrate. The liquid has now become 
a solid again. As the molecules come closer 
together, the substance contracts. 

When your hands are rubbed together 
briskly, the heat produced is evidence of 
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increased molecular motion. Bending a 
wire back and forth several times will 
make it get hot because the molecules 
have been made to move faster. Recall or 
repeat the experiments on expansion in 
order to show that, when heated, mole- 
cules of a substance move faster and 
spread farther apart. 

Pour some cold water into a Pyrex pot 
and heat the pot over a hot plate. Observe 
the water as it is heated to boiling. At first 
small bubbles of gas form, some of which 
cling to the walls of the container. This is 
dissolved air, which is being driven out of 
the water. After a while large bubbles of 
gas form, but they quickly collapse as they 
rise to meet the colder water above them. 
The hot water now begins to *hum" and 
"sing." When the water is heated hot 
enough, bubbles of gas will form continu- 
ously and rise to the surface. This is called 
the boiling point, and there is a steady 
conversion of liquid to gas or vapor. 

Help the children understand that when 
heat is applied to a liquid, the molecules 
move faster and spread farther apart. This 
continues until the boiling point, when the 
molecules are moving very rapidly, spread 
very far apart, and move very freely m 
space. This explains why gases have nel- 
ther definite volume nor definite shape. 

Hold a cold glass tumbler over the 
steam escaping from a vigorously boiling 
teakettle. The water vapor condenses- 
When the vapor strikes the cold glass, the 
molecules are cooled, move more slowly, 
and then condense back into a liquid. 

Have the children trace the process of 
heating ice to water to water vapor 
(steam), and explain the process in terms 
of increasing the motion of the molecules 
and having them spread farther apart 
Then reverse the procedure, going from 
water vapor (steam) to water to ice. 


Water expands when freezing 


Water is unusual in that it expands 


when freezing. Obtain a large tin can. 
Crack ice into small pieces by wrapping it 
in an old towel or cloth and hitting it with 
the broad side of a hammer. Obtain a 
small bottle with a screw cap. Fill the bot- 
tle to the very top with water, so that there 
is no air space; then screw the cap back 
on. Wrap the bottle in a piece of cloth. 
Place the bottle in the tin can and pack 
the cracked ice all around it. Add salt to 
the cracked ice in layers so that you have 
a layer of ice, then salt, then ice. Pack 
the ice and salt compactly. After a half 
hour remove the ice and salt until the bot- 
tle wrapped in cloth is exposed. Unwrap 
the cloth carefully. Point out that, when 
the water began to freeze, it expanded 
and caused the bottle to burst. 

Repeat the experiment, using a small 
metal can with a screw top. The can may 
not burst, but it will swell because the 
Water expands when it freezes, stretching 
the metal, 

_ Ifthe children wonder why a mixture of 
ice and salt was used, point out that salt 
lowers the freezing point of water. Place 
Some finely cracked ice in a glass jar or 
tin can. Add a little cold water. Then add 
Salt, more ice, then more salt, etc. Place a 
thermometer in the mixture and let stand 
or 5 minutes, The temperature of the 
mixture will read well below 32? F (freez- 


‘Ng point). Compare with a mixture of ice 
and water, 


Pressure on ice 


Pies are other interesting phenomena 
oclated with water. The children may 
ice terested to know that pressure causes 
a to melt, by raising the temperature 

9ve the freezing point at the focus of 
monine; Place the broad end of an ice 
ends T top of a soda bottle. Wrap the 
Or Say a piece of thin copper wire (#24 
low i around the middles of two wooden 
tio, > OT Pencils. Place the middle por- 

? of the wire across the ice cube and 


push down hard on the dowels. The wire 
will slowly cut its way through the ice 
cube. However, when you are finished, 
the ice cube will still be in one piece. Help 
the children understand that, as the wire 
presses on the ice cube, the ice directly un- 
derneath the wire melts. This melting re- 
quires heat, which is taken from the rest of 
the ice. After the wire passes on, the colder 
ice refreezes the water. 

You can accomplish the same effect by 
pressing two ice cubes together with a 
great deal of force for about half a minute. 
The pressure melts the two ends of the ice 
cubes, which then refreeze when the pres- 
sure is released. The making of snowballs 
depends upon this same principle. Point 
out that, in skating, the pressure of the 
blade melts the ice and forms a thin film 
of water over which the skater moves. This 
also explains why we slip on ice or why 
automobiles skid on ice. If the ice is very 
cold, then the pressure is not great enough 
to melt the ice, and the skater's blade 
tends to stick. 


Pressure and boiling point 


Obtain a Pyrex baby bottle or a Pyrex 
flask and a tight-fitting cork stopper. Pour 
about an inch of water into the bottle and 
heat the bottle on a hot plate until the 
water boils vigorously. Put a cloth around 
the bottle, remove it from the hot plate, 
and place it on a cake tin or baking pan. 
Stopper the bottle tightly with the cork. 
Now turn the bottle upside down and 
pour cold water, a little at a time, over the 
bottle. The water will boil vigorously each 
time the cold water is poured over the bot- 
tle, even though the water inside becomes 
cooler and cooler. Point out that, when the 
cold water is poured over the bottle, some 
of the steam inside cools and condenses. 
This lowers the pressure on the water, and 
enables the water to boil at a lower tem- 
perature. The boiling point of water de- 
pends upon the air pressure on its surface. 
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When the pressure is reduced, the boiling 
point is reduced. If the pressure is in- 
creased, as with a pressure cooker, the 
boiling point is raised. This explains why 
we can obtain temperatures higher than 
the boiling point of water inside the pres- 
sure cooker and thus cook more quickly. 


Evaporation is a cooling process 


Review with children the phenomenon 
of evaporation. Evaporation is a change 
from the liquid state to the vapor state. 
Spilled water, rain on the sidewalk, pud- 
dles, even ponds in hot weather—all “dry 
up” because the water evaporates. Wet 
clothes placed on the clothesline dry be- 
cause the water evaporates. Point out that 
the word “evaporate” means to convert 
into vapor (gas). 

Temperature affects the rate of evapo- 
ration. Place an equal number of drops of 
water into each of two dishes. Place one 
dish on the radiator or in the sun, and the 
other dish in a cool spot. The water in the 
dish on the radiator will evaporate more 
quickly. 

Obtain two pie tins the same size. Heat 
one tin on a hot plate or a heated radiator 
for a few minutes. Now add an equal 
number of drops of water to each tin. The 
water in the heated tin will 
first. 

B The amount of surface, or area, of liq- 
uid exposed to the air also affects the rate 
of evaporation. Obtain a measuring grad- 
uate. Pour equal amounts of water into a 
narrow-necked bottle and a widemouthed 
bottle. Let the bottles stand open over- 
night. The next day pour the water from 
each bottle back into the graduate, and 
each time measure the amount of water. 
There will be less water remaining in the 
widemouthed jar. 

Moving air, or a breeze, affects the rate 
of evaporation. With a wet sponge or cloth 
make two wet spots of equal size on the 
chalk board at some distance apart. Fan 


evaporate 
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one spot with a piece of cardboard or an 
electric fan. The fanned spot will evapo- 
rate first. You can repeat the experiment, 
using two pieces of wet cloth the same size 
that are suspended from a string by 
clothespins. 

Moisture in the air, or humidity, affects 
the rate of evaporation. Obtain an em- 
broidery hoop and fasten some cloth over 
it. Wet the cloth thoroughly. Then make 
two wet spots of equal size with a wet 
sponge or cloth on the chalk board at 
some distance apart. Cover one spot with 
the embroidery hoop covered with the wet 
cloth. Leave the other spot open. The 
open spot will evaporate first. The wet 
cloth on the embroidery frame also evap- 
orates, and moist air accumulates under 
the hoop. This makes it difficult for the 
wet spot on the chalk board to turn into 
water vapor and go off, or evaporate, into 
the air. Have the children recall how dif- 
ficult it is for perspiration to evaporate on 
a warm, muggy day when the humidity is 
high and the air is already full of water 
vapor. 

Different liquids will evaporate at dif- 
ferent speeds. Place two wet spots of equal 
size on the chalk board, one wet spot made 
by water, the other by duplicator fluid or 
rubbing alcohol. Notice how quickly the 
duplicator fluid or alcohol dries. Place a 
drop of water on the back of one hand and 
a drop of duplicator fluid on the back of 
the other hand. The duplicator fluid evap- 
orates long before the water does. 

Some solids evaporate without melting. 
Dry ice is converted directly into a vapor 
without melting. Moth balls and para- 
dichlorobenzene are used to keep moths 
away from clothes. Icicles and even snow 
will evaporate in weather too cold for 
melting. 

When liquids evaporate, they create à 
cooling effect because liquids require heat 
to evaporate. The liquid takes this heat 
wherever it can find it, usually from its 1M- 


mediate surroundings. Have the children 
blow on the index finger. Then have the 
children dip the index finger into water 
and blow again. The finger will feel cool. 
Help the children understand that as the 
water evaporates it needs heat, and takes 
up heat from its immediate surroundings, 
namely, their index fingers. 

Incidentally, the quicker the liquid 
evaporates, the more quickly it takes up 
heat, and the cooler the finger becomes. 
Blowing on the finger increases the rate of 
evaporation. 

Thus, liquids which evaporate very 
quickly have a greater cooling effect be- 
cause they take up heat more rapidly. Re- 
call or repeat the experiment above, where 
drops of water and duplicator fluid were 
placed on the back of your hand. The du- 
Plicator fluid evaporated more quickly, 
and the hand upon which the fluid was 
Placed felt cooler. 

, Obtain three thermometers and three 
Pleces of cotton gauze. Soak one piece of 
Sàuze in water, the second in rubbing al- 
cohol, and the third in duplicator fluid. 

Tap the bulb of each thermometer quite 
Well with one piece of the wet gauze. Fan 
the pieces of gauze with a cardboard or an 
electric fan. Which thermometer will read 
the lowest? 

Study the section, *Keeping Comfort- 
able with Clothing,” in Chapter 19. Re- 
View the advisability of wearing garments 
with loose open weaves in the summer. 

iS permits free circulation of air and 

“tter evaporation of perspiration. Point 
Out that evaporation of perspiration keeps 
a bodies cool. The more rapidly the per- 
yeas evaporates, the quicker it takes 

© heat from your body and the cooler 
You feel. Have the children recall how 
Pleasantly cool their faces felt on a hot 
“Y when a breeze came up and caused 
Spid evaporation of the perspiration. 
eva ning creates the same effect. Water 

Porating rapidly from a wet bathing 


r 


suit can cool you enough to produce a 
chill. 

Point out that in hot dry climates water 
is kept cool by evaporation. The water is 
contained in porous earthen jars or pots. 
Some of the water seeps through the jar 
so that there is always a small amount of 
moisture present on the outside of the ves- 
sel. As this moisture evaporates, it absorbs 
heat from the jar and its contents, thereby 
making them cooler. On a picnic a mother 
often keeps her baby's milk bottles cool 
by wrapping a wet towel around the bot- 
tle. The evaporation of the water in the 
towel absorbs heat from the glass bottle. 

This effect can best be produced when 
the climate is dry and there is little water 
vapor in the air. In moist climates or when 
the humidity is high, there is so much 
water vapor in the air that the rate of 
evaporation is slow. Thus the amount of 
heat absorbed is quite small, and not 
much cooling effect is obtained. 


Cooling causes condensation 


Condensation is a change from the va- 
por state to the liquid state. Place a tea- 
kettle containing water on an electric hot 
plate. When the water is boiling vigor- 
ously, hold a cold square of glass or a glass 
tumbler near the spout. Droplets of water 
condense on the glass. Point out that the 
water vapor leaving the spout is cooled by 
the glass and condenses back into a liquid 
again. 

This phenomenon of condensation does 
not take place only when water is boiling. 
The air contains water vapor in varying 
amounts. The term humidity refers to the 
water vapor that is present in the air. Ab- 
solute humidity refers to the actual amount 
of water vapor present in a given quantity 
of air (such as a cubic foot). Relative hu- 
midity is a numerical figure, usually ex- 
pressed in per cent. This figure gives the 
ratio between the actual amount of water 
vapor in the air and the total amount of 
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water vapor the air could hold at a given 
temperature. During a heavy rain the rel- 
ative humidity is almost 100%. 

When air containing water vapor is 
cooled, the air contracts. Since it now has 
a smaller volume, the air cannot hold as 
much water vapor as it did before. There 
is a limit to the amount of water vapor a 
volume of air can hold. If the air has 
much water vapor in it (a high humidity) 
and is cooled, it will contract to the point 
where it can no longer hold all the water 
vapor contained in it. Consequently, some 
of the water vapor will condense out as 
droplets of water. To see this, obtain a 
small tin can. If the sides are dull, polish 
them with steel wool. Put some ice and 
water in the can and let it stand. Ifthe hu- 
midity is not too low, droplets of moisture 
will condense on the sides of the can. If the 
children believe that the water may have 
seeped through the can, color the water 
inside the can with ink or vegetable dye. 
The colorless clear droplets of water on 
the outside will convince the children that 
the water condensed from the air. 

On a very dry day, the humidity may 
be very low and there may be too little 
water vapor in the air for any to condense 
out on the sides of the can. If this happens, 
place the can of ice and water in a wide- 
mouthed jar containing a wet blotter on 
the bottom. Cover the jar with a card- 
board or pane of glass, 

Have the children recall how their 
mouths exhale “steam” on a very cold 
day. Point out that this "steam" is actually 
droplets of water condensing out. Let the 
children breathe on mirrors and notice the 
film of moisture that condenses. Cold bot- 
tles, pitchers of ice water, and glasses of 
soda or lemonade will also have droplets 
of water condense Out on their sides. The 
children who wear glasses will recall all 
too well how the cold eyeglasses will cloud 
up when the children enter a warm, hu- 
mid kitchen. Their mothers are also famil- 
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iar with clouded window panes in the 
kitchen when the weather is cold outside 
and much cooking and boiling has been 
going on inside. 

Recall the experiment with the mixture 
of ice and water in the can described ear- 
lier. Point out that if the temperature of 
the can's contents were taken at the mo- 
ment the droplets of water first began to 
form, this would be the dew point. If the 
air outside were cooled down to this tem- 
perature, dew would form on the ground 
or rain would fall from clouds. 

When the humidity is fairly low, add 
cracked ice to the tin can with about one 
third its volume of salt. Both dew and frost 
will form on the sides of the can. To form 
frost, place dry ice alone in the can. Point 
out that when the humidity is low, the air 
must be cooled quite a bit before the 
water vapor will condense out. If the tem- 
perature at which the water vapor con- 
denses out is below the freezing point, the 
water vapor condenses out as frost instead 
of dew. 

Children often understand dew point 
when it is presented as follows. The tem- 
perature at which water vapor will con- 
dense from the air is called the dew point. 
This temperature will vary, depending 
upon many conditions, If there is much 
water vapor in the air to begin with (that 
is, the humidity is high), then the air has 
to be cooled only a little before the air 
contracts and can now no longer hold all 
the water vapor in it. So, the water vapor 
condenses out at a relatively high temper" 
ature, and the dew point is relatively high- 
The ideal conditions for formation of dew 
are in the spring and the fall when the days 
are warm and the nights cool. At this time 
the days are warm, and water evaporates; 
filling the air with water vapor. The 
nights are cool, and the air contracts until 
the water vapor condenses out. On very 
warm summer nights there is very n 
dew the next day. The nights are not co? 


enough for the air to cool and contract 
and for the water vapor to condense out. 
When the humidity is low (very little 
water vapor in the air), dew will not form. 
The air cannot be cooled low enough for 
the water vapor to be able to condense 
out. 


Create your own rainstorm 


Place a glassful of water in a Pyrex pot, 
and heat the pot on an electric hot plate 
until the water is quite hot but not boiling. 
Remove the pot from the hot plate. Place 
à plate or saucer on top of the pot and add 
Ice cubes to the plate. The hot water evap- 
Orates inside the pot. When this hot moist 
Vapor strikes the cold plate, the vapor 
Cools and contracts, and droplets of water 
condense on the plate. The droplets of 
Condensed water fall back into the pot, 
forming a "rain." This process of evapora- 
ton, condensation, and precipitation re- 
Peats itself iust as it does in our own world. 

*eping the pot hot will keep this process 
Soing for quite some time. 

Place about a half pint of hot water into 
^om bottle. Then place a large ice cube 

‘ne mouth of the bottle. The warm 
Most air rising from the hot water meets 
€ cold air from the ice cube. The warm 
Nt air cools and contracts, and the 

“ct vapor condenses out to form a fog. 
ap i Bow clouds are formed. Warm 
cosa alr rises from the earth and meets 
türe ‘ air at higher levels, the tempera- 
i5 mr 1 F° cooler for each 300’ rise 

Itude. A fog is really a cloud at 

Sround level, 
diy bir i. when the humidity is low, the 
Bang, be cooled to the point where con- 
dis lon (or precipitation) takes place 
stead freezing point. Then snow in- 
Wire. Tain is formed. Sometimes in the 
cold r raindrops fall through layers of air 
er than 32? F as they approach the 


Earth’, 
a th’s Surface. The raindrops then freeze 
d fall as sleet. 


Hail is also frozen rain. Hail is usually 
formed in the summer when there are 
thunderstorms. Very often during thun- 
derstorms rain will fall through areas of 
air where the temperature is below freez- 
ing (32° F). The raindrops freeze into 
tiny pellets of ice. However, during thun- 
derstorms there are strong upward cur- 
rents of heated air. Sometimes these up- 
ward currents will carry the tiny ice pel- 
lets up again into the warmer air, where 
the rain is forming. Water condenses on 
the surfaces of the pellets of ice, but when 
the pellets fall back again into the layer of 
freezing air, the condensed water also 
freezes, forming a layer of ice over the 
original pellets. The more condensations 
and freezings there are, the larger the 
hailstones become. During a hailstorm try 
to collect some of the hail. Quickly cut 
through the stone with a sharp knife. You 
will see the layers of ice, like rings in an 
onion, showing just how many times the 
original raindrop fell into freezing air and 
was then forced upward again by currents 
of air. Each layer represents one conden- 
sation and freezing. 


Distillation 


Obtain a flask, a one-hole rubber stop- 
per, three pieces of glass tubing, two small 
pieces of rubber tubing, a test tube, and a 
glass tumbler (Fig. 18-10). Connect the 


cold water 


Fig. 18-10  Distilling water. 
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Fig. 18-11  Tacks attached to a bar with wax fall 
off as heat travels through the bar by conduction. 


test tube and flask in the setup as shown. 
Fill the flask half full of water and add 
some ink or vegetable coloring to the 
water. Place the flask on the hot plate and 
heat the water until it boils. Note the 
drops of clear water which collect in the 
test tube immersed in cold water. This 
process is known as distillation and is a 
means of purifying water. The boiling 
water is converted to vapor. The vapor 
passes through the glass tubing and is 
cooled when it reaches the cold test tube. 
It then condenses back to water. The im- 
purities are left behind in the flask. In an 
emergency, salt water can be converted to 
drinking water in this way. 


HEAT TRAVELS BY CONDUCTION 


Fill a glass full of very hot water; then 
place a silver spoon into the glass. Wait 
a few minutes; then touch the handle of 
the spoon. You will find it very hot. Point 
out that the metal of the spoon carries the 
heat of the water to your hand, which is 
touching the spoon. 

Help the children understand that the 
heat traveled through the spoon by the 
method known as conduction. The heat of 
the hot water causes the molecules in the 
bowl of the spoon to move faster. These 
faster-moving molecules collide with their 
slower-moving neighbors. The neighbor- 
ing molecules, receiving these harder col- 
lisions, begin to move faster also. They, in 
turn, collide with nearby molecules. In 
this way all the molecules in the spoon are 
soon moving faster. When molecules in a 
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substance are moving faster, the substance 
becomes warmer. Thus, the heat has been 
conducted molecule by molecule. 

Obtain a round brass curtain rod about 
12-15" long. Roll a strip of paper about 
12" long and 3" wide around one end of 
the rod to make a handle. Keep the paper 
wrapped tightly by slipping two rubber 
bands over it. Now obtain some long tacks 
or small nails. Attach the tacks with the 
paraffin from a burning candle to the 
brass rod at distances of 1" (Fig. 18-11). 
Hold the free end of the rod in the 
flame of a Bunsen burner, alcohol lamp, 
or candle. Call the children's attention to 
the fact that as the heat travels along the 
rod by conduction, the paraffin melts and 
the tacks fall off one by one. 

A simple way of illustrating conduction 
is to set upright a row of dominoes so that, 
when the first is pushed over, they all fall 
down in turn. Each domino transmits its 
motion to its neighbor, just as each mole- 
cule in a heated body transmits its faster 
movement to its neighbor. 


Rates of conduction by different materials 


Solids differ in the rate at which they 
transmit heat by conduction. Obtain 4 
narrow wood box and four 12" rods of 
different materials, Copper, brass, iron, 


locks attoched with paraffin 


bars of vorious metals 
a” 


tter 
Some metals conduct heat be 


Fig. 18-12 
than others. 


and glass rods will do. Punch holes through 
the sides of the box and attach the rods at 
an angle so that the four ends meet (Fig. 
18-12). At the outer end of each rod at- 
tach long tacks or small nails with paraf- 
fin. At the point where the four ends meet, 
apply the flame of a Bunsen burner, alco- 
hol lamp, or candle. Note the order in 
which the tacks fall off. The better the 
conductor, the sooner the heat reaches the 
Paraffin and melts it. 

Metals are good conductors of heat 
even though they differ somewhat in the 
Fate at which they conduct heat. Nonmet- 
als, such as wood, glass, paper, and cloth, 
are poor conductors of heat. Their mole- 
Cules do not transmit motion very well to 
neighboring molecules. 


Metals are good heat conductors 


There are many experiments you can 
fits show that metals are good conduc- 
à S of heat. Cut a piece of bare bell wire 
ei length of a wooden match. Light the 

co and hold it in one hand while you 
P'ace one end of the wire into the match 
al with the other hand. Be prepared 
s Top the wire quickly because it heats 
P quite rapidly, 
nn a handkerchief or piece of cloth 
i a Silver quarter. Wrap the handker- 

é nae firmly around the coin so that 
diio M is stretched tightly across the 
rette, Ow place the lighted end of a ciga- 

erep sainst the handkerchief. The hand- 

Chief will not char or burn because sil- 


ve 
(Th . an excellent conductor of heat. 
inpr Will be a slight tobacco stain.) It 


ucts the heat away before the heat 
Move prias the cloth. If the coin is re- 
Scorch ; the handkerchief or cloth will 
immediately. 

aroun a piece of white paper tightly 
bang : à wooden pencil that has a metal 
Paper 9 hold the eraser. Make sure the 
Wood Covers both the metal band and the 

' ‘Now heat the pencil over a candle 


flame at the point where the metal band 
is located. When the paper begins to char, 
remove the pencil and unroll the paper. 
The part of the paper covering the wood 
will be charred. The part of the paper cov- 
ering the metal band will be untouched or 
only slightly charred, because the metal 
band conducted the heat away. 

Pour hot water into an aluminum or 
other metal tumbler and a plastic tumbler. 
The metal tumbler will feel warmer be- 
cause it is a good heat conductor. If cold 
water is used, the metal tumbler will feel 
colder because it conducts the heat away 
from your hands more quickly. A mois- 
tened finger applied to a metal rod ona 
very cold day will often freeze to the rod 
because the metal carried the heat away 
from your finger so quickly. 

Obtain a piece of aluminum or copper 
window screening about 6" square 
from the hardware store. Light a candle 
and hold the screen halfway in the candle 
flame. The flame will burn below the 
screen, but not above it. This happens be- 
cause the heat is conducted away from the 
flame by the wires in the screen, lowering 
the temperature below its kindling point. 

If you have a Bunsen burner and tri- 
pod, place the screen on the tripod and 
turn on the gas. Light the gas above the 
screen. The gas will now burn only above 
the screen because the heat is conducted 
away by the screen and thereby prevents 
the gas below the screen from reaching its 
kindling temperature. 

Recall or repeat the project of making 
a model of a miner's safety lamp, as dis- 
cussed in the section on "Putting Out 
Fire" in Chapter 17. Point out that 
the principle of the lamp is based on 
the experiment with the screen and Bun- 
sen burner just described. The wire mesh 
conducts the heat of the miner's lamp 
away, thereby preventing any inflamma- 
ble gas that might be in the air from reach- 
ing kindling temperature. 
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Fig. 18-13 Paper is a poor conductor of heat. 


Poor heat conductors 


Glass is a poor conductor of heat. Point 
out to the children that they should not 
pour hot water into a thick cold glass, or 
cold water into the glass when it is hot. 
When hot water is placed inside the thick 
cold glass, the inner surface expands. Be- 
cause glass is a poor heat conductor, the 
outer surface does not expand. The strain 
produced may crack the glass. Similarly, 
when cold water is placed in a thick hot 
glass, the inner surface contracts, but not 
the outer surface. The shrinking of the 
inner surface also sets up a strain which 
may crack the glass. 

This does not usually happen with thin- 
walled glasses, because the heat is trans- 
mitted to the outer surface more quickly. 
Boron has been added to Pyrex glass in 
order to cut down the amount of expan- 
sion and contraction of the glass, and 
thereby to eliminate most strain. 

Obtain a strip of paper 5” long and 4” 
wide. Fold the Paper in half, then in quar- 
ters, so that you have a folded strip 5” 
long and 1” wide. Wrap this strip around 
the upper end of a test tube one third full 
of water. Hold the strip tightly together so 
that it holds the test tube firmly (Fig. 18- 
13). Now heat the test tube in the flame of 
a Bunsen burner or alcohol lamp until the 
water boils. The paper is a poor conduc- 
tor of heat and allows you to hold the 
heated test tube without any discomfort. 

‘There are, of course, variations in the 
rate of heat conduction among various 
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nonconductors. The tiled bathroom floor 
feels colder to your bare feet than does the 
wooden floor. Both floors are probably at 
the same temperature, but tile is a better 
conductor of heat than wood. Therefore, 
the tile carries body heat away quicker, 
and so feels colder. A carpet is a very poor 
conductor of heat, and so the carpet feels 
warmer than the wooden floor. A traffic 
officer will often keep his feet warmer on 
a cold day by standing on newspaper or 
wood, because these carry heat away more 
slowly than pavement. 

Liquids are poor conductors of heat. Fill 
a test tube three quarters full of water. 
Place a piece of ice in the test tube and 
keep the ice at the bottom of the test tube 
by means of a spring or small weight. Ap- 
ply the flame of a Bunsen burner or alco- 
hol lamp to the upper part of the test tube. 
The water will boil away after a few min- 
utes, but the ice remains almost intact. 
The heat is not carried down to the ice. 

Gases are extremely poor conductors of 
heat. Recall or repeat the experiment with 
the tin cans and insulating materials in the 
section, “How Much Heat or Cold Gets 
Through—Insulation,” Chapter 20. Point 
out that air or gases are just about the 
poorest heat conductors there are. One 
reason why asbestos, rock wool, hair, fur, 
wool, and feathers are such poor conduc- 
tors of heat is that they are porous or fi- 
brous in structure. Because of this they 
contain many dead air spaces. The term 
"dead" is used because the air in such 
spaces cannot circulate. Such materials 
make good insulating materials because 
they are not only poor conductors but até 
full of dead air spaces which can neither 
circulate nor conduct heat. 
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y in the 
Recall or repeat the experiments 1n the 
section on *Heat Makes Liquids Expan 
at the beginning of the chapter. Remi” 


the children again that warm water is 
lighter and weighs less per unit of volume 
than cold water. 

Obtain a large widemouthed jar. An 
empty aquarium will be even better. Fit 
an ink bottle or other small bottle with a 
two-hole rubber stopper. Obtain a small 
Piece of glass tubing and a medicine drop- 
per. Fit the glass tubing and the glass por- 
tion of the medicine dropper into the two- 
hole stopper (Fig. 18-14). The glass tubing 
should be level with the stopper and ex- 
tend almost to the bottom of the bottle. 

Fill the ink bottle with very hot water 
that has been deeply colored with blue or 
red ink or vegetable dye. Then fill the jar 
9r aquarium with very cold water. Fit the 
Stopper into the ink bottle and wipe off 
any excess. Now lower the ink bottle into 
pne of very cold water. Do this quickly, 

ut carefully, so as to keep the amount of 
disturbance to a minimum. Notice the 
ae the colored water leaves the medicine 
tee like smoke from a chimney, and 
S to the top. Also point out that the ink 
Pa constantly remains full. Help the 
ligh ren understand that the hot water is 
"A ter than the cold water, and therefore 
sie to the top. The cold water is heavier 
can takes the place of the colored hot 
€r as it leaves the ink bottle. Observe 


t M 
s € color of the water in the bottom of the 
mall bottle. 


Co . 
nvection currents in water 


ane a Pyrex coffee pot and fill it 
tin cold water. Put some shredded blot- 
hen was] or sawdust into the water. You 
its s es the blotting paper by rubbing 
Dur. ace against the fine part of a food 
: a Stir the shreds in the water until 
to h E thoroughly soaked and settle 
E ne ottom of the pot. Set the pot on an 
tice Tim hot plate and heat the water. No- 
in € behavior of the particles of blot- 
T Ae ai as the water gets hot. The par- 
move upward at the center and 


Fig. 18-14 Hot water is lighter than cold water. 
(From UNESCO Source Book for Science Teachers, 
UNESCO, 1956.) 


downward at the sides of the pot. Point 
out that the particles serve to show the 
movement of the water as it is heated. The 
hotter water rises to the top while the less 
hot water falls to the bottom. In this way 
the heat is carried from one place to 
another by currents in the water. This 
method of heat travel is called convection. 

Repeat the experiment, but with this 
variation. Place the pot to one side of the 
hot plate so that only one side will be 
heated. Do not add the shredded blotting 
paper or sawdust until the water is boiling 
vigorously. The particles of blotting paper 
will go around and around the pot. Point 
out that these particles show the convec- 
tion currents of the water. The water is 
going up on the side of the pot away from 
the heat. 


Convection currents in air 


Heat can also travel in gases by convec- 
tion currents. Set a lighted candle in a 
spot where it will be protected from stray 
air currents. Hold a lighted cigarette or a 
piece of smoking rope a short distance 
above the flame. The smoke will travel 
straight up into the air. Repeat the ex- 
periment over a radiator or electric hot 
plate. The rising air current will also cause 
a paper pinwheel to turn. 

Wrap a piece of wire around a candle. 
Light the candle and lower it into a milk 
bottle. The candle will go out very quickly 
because the heated air rises and prevents 
fresh air containing oxygen from entering 
the bottle in time to keep the candle 
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downward current 
of cool air 


upward current 
of heated air 


Fig. 18-15 Convection currents keep a candle 
lighted. (From UNESCO Source Book for Science 
Teachers, UNESCO, 1956.) 


lighted. Cut a piece of cardboard in the 
shape of the letter T. The stem of the T 
should just fit the neck of the bottle. Hold 
the milk bottle upside down and swish it 
in the air a few times to fill it with fresh 
air. Now lower the lighted candle into 
the bottle again by means of the wire. 
Place the cardboard T immediately into 
the neck of the bottle (Fig. 18-15). This 
time the candle will remain lighted. 

Point out that the cardboard separates 
the warm and cold air currents, Place a 
lighted cigarette or piece of smoking rope 
on each side of the cardboard. On one side 
the smoke will go down into the bottle, 
showing the presence of a current of cool 
air. On the other side the smoke will rise, 
showing the presence of a current of heated 
air. 

Obtain a shoe box and two small mail- 
ing tubes or a cardboard paper towel tube 
cut into two equal lengths. In the bottom 
of the shoe box cut two holes slightly 
smaller than the Openings of the card- 
board tubes. Light a candle and secure 
the bottom firmly to the table with melted 
paraffin. Place the shoe box over the can- 
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dle so that the candle is directly under one 
of the holes. Then set the two tubes over 
the holes (Fig. 18-16). Hold a smoking rope 
or paper over the tube without the candle 
under it. The smoke will go into the tube, 
showing that cool air is entering. Smoke 
will be seen leaving the tube with the 
candle under it, showing that the heated 
and therefore lighter air is leaving. Have 
the children trace the convection currents 
formed. 

The children might like to make a ser- 
pent that responds to hot air currents. 
Draw a spiral on a sheet of heavy white 
paper. Finish the end of the spiral by 
drawing the head of a snake (Fig. 18-17). 
Cut out the spiral, starting from the out- 
side working in toward the center. Pass 
a knotted thread through the center of the 
spiral. Now lift the spiral by the thread. If 
it does not spread out evenly, it means 
that the lines are either too close together 
or too far apart. Hold the serpent over a 
candle flame, hot plate, or radiator. The 
rising heated air will make the serpent 
spin around and around. 

Recall or repeat the experiments with 
the ventilation box in the section, “Fresh 
Air Indoors,” in Chapter 20. The children 


= 


| 


Fig. 18-16 Tracing convection currents- 


should remember that the rooms in our 
homes are heated by air convection cur- 

rents. Go over again the proper method 

of keeping windows open to allow proper 

ventilation and circulation of air in a 

room. Long, narrow strips of very thin tis- 

Sue paper attached to a stick or ruler can 

be used to detect the directions of convec- 
tion currents in various parts of the room. 

Smoke can also be used to detect convec- 

tion currents in the room and near win- 

dows opened at the top and bottom. 

. bir children look ata heated radi- 

The “A ot plate that is in the sunlight. 
Mines ids am appears to waver and 

€ me out as it rises. The same effect 

mie — outdoors on hot pavements 

shi d ctually it is the bending of the 

arih y the changing density of the rising 
b lat makes us think we see waves. 

s 2 out that in refrigerators the cool- 
bid at i. always located at the top. The 
iniit à bottom warms the air which 
ore ighter. The heavier cold air 
kel opns unit falls to the bottom. 

Where ja er warmer air rises to the top 

uth. Ta be cooled again by the cooling 

St up whi is way a convection current is 

P which helps keep all the food cold. 

Tip "iw convection currents on a 
art by a hey are caused for the most 

Surface "à unsqual heating of the earth s 

Some hear Fang points. The air over 

and rises p^ rs becomes warm, expands, 

plas via older air rushes in to take its 

8 arted I poker a convection current 1s 

ces is ai and areas near the equator 
in fe continuous rise of heated air. 
lb: the n fall of cold air 
takon be Pole and South Pole. The 

Gian ae s e earth helps swerve the di- 

ese large air currents. 


ne, 
ro 
re 
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H 
Palm S one of the children hold his hand 
Upward under an unlighted electric 


Fig. 18-17 A serpent that is sensitive to hot-air 
currents. 


light bulb that is hanging downward. A 
bent goose neck lamp with the shade re- 
moved will serve the purpose. Now turn 
on the electricity. The child’s palm will 
feel the heat almost immediately. Point 
out that the heat could not reach his hand 
so quickly by conduction because air is a 
very poor conductor of heat. Nor could the 
heat reach his hand by a rising convection 
current because his hand was below the 
bulb. Help the children understand that 
the glowing filament in a bulb gives off a 
radiant energy which is absorbed by the 
hand and converted to heat. In the lower 
grades it is sufficient to say that the bulb 
sends out heat rays that make the hand 
hot. 

Place a pane of glass between the bulb 
and the child’s palm. The child will still 
feel the heat. Have another child touch 
the glass, and he will find that it is cool. 
The children should realize that this ra- 
diant heat energy does not heat transpar- 
ent objects. The rays pass right through 
the transparent object. However, when 
the rays are stopped and absorbed by an 
object, like the child’s hand, they are 
converted to heat and the hand becomes 
warm. 

Let the children stand near the window 
and have the sunlight fall on their faces. 
Their faces will feel warm, but the win- 
dow panes will be cool. Thus, the sun 
also gives off heat rays. 
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Focusing heat 


Radiant heat rays can be focused. Ob- 
tain a magnifying or reading glass and 
hold it in the sun. Forus the sun’s rays to 
a point on your hand or on a crumpled 
wad of tissue paper. Your hand will soon 
feel uncomfortably hot, and the paper will 
catch on fire because of the focused heat 
rays. 

Note the distance between the lens and 
the spot where the sun's rays come to a 
point. Have a child place a tilted mirror 
halfway between the lens and this point of 
focus. Let another child feel around with 
his hand until he finds the new point 
where the heat rays are focused. The chil- 
dren should now realize that radiant heat 
can also be reflected. 

Recall or repeat the experiments in the 
sections, *How Much Heat or Cold Gets 
Through,” and “Colors, Heat, and Com- 
fort," in Chapter 20. Remind the children 
that bright, shiny, or smooth objects reflect 
heat rays, while dark, rough objects ab- 
sorb heat rays. Recall the experiment on 
the effect of the sun's rays on light and 
dark clothing in the section on "Keeping 


Comfortable with Clothing" 


in Chapter 
19. 


Absorption of heat 


Obtain two narrow-necked bottles of 
the same size. Paint one bottle black with 
water color or tempera paint. Snap a bal- 
loon over the neck of each bottle and place 
them both in the sun. First stretch out the 
balloons and test to see that they inflate 
easily. The black bottle will absorb the 
Sun's rays more quickly, and its balloon 
will inflate first. Point out that on a hot 
day the black fender of an auto is hotter 
than the silvery shiny chr 

Obtain two tin cans of the same size, 
Cut out two circles of cardboard to cover 
the cans. In the center of each cardboard 
punch a hole large enough to admit a 
thermometer. Paint the outside of one can 


omium parts. 
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with flat black paint. Place the cardboard 
covers on the cans and insert the ther- 
mometers. Do all this in the shade and 
keep the cans in the shade until both ther- 
mometers read the same. Now place both 
cans in direct sunlight. Read the temper- 
ature of each thermometer after 20 min- 
utes or so. The black can will show a 
greater heat rise. 

Repeat the experiment, using equal 
amounts of cold water, but wait a half 
hour-this time. The black can will again 
show a greater heat rise. Now repeat the 
experiment, using equal amounts of hot 
water. This time place the cans in a cool 
spot out of the sun. The thermometer in 
the black can will now read lower than the 
thermometer in the shiny can. Point out 
that the black can radiated heat faster 
than the shiny can. As a result, the water 
in the black can became cooler than the 
water in the shiny can, 

Help the children see that any one of 
three things may happen to radiant en- 
ergy (heat rays) when they strike a sub- 
stance. If the substance is transparent, the 
heat waves will pass through it, and the 
substance will remain cool. If the sub- 
stance is smooth and shiny, the heat waves 
will be reflected and the substance will 
again remain cool. If the substance is dark 
and rough, the heat rays will be absorbed 
and the substance will become warm. 


The vacuum bottle 


Bring a Thermos or other vacuum bot- 
tle to class. Unscrew the upper part of the 
metal case and show the children the sil- 
vered glass bottle. Draw a diagram of me 
bottle on the chalk board, showing the 
double walls in the bottle. Point out that 
most of the air has been removed from pes 
space between the two glass walls in ane 
to form a vacuum. Also point out that wit i 
the air removed, there are very few mole 
cules to conduct the heat away from the 
hot contents of the bottle. By the Sant" 


token there are very few molecules to con- 
duct heat into the cold contents of the bot- 
tle. Whatever molecules of air are present 
in the space are very poor conductors any- 
way. 

Call the children's attention to the fact 
that both inner walls are silvered. If hot 
liquid is put in the vacuum bottle, the 
silvered walls will reflect any radiated 
heat and prevent the heat from escaping. 
If cold liquid is put in the vacuum bottle, 
the silvered walls help keep radiant heat 
from entering the thermos and warming 
the liquid. Thus, the double walls (with 
the vacuum) and the silvery coating give 
double protection in keeping the liquid in 


a vacuum bottle at the desired temper- 
ature, 


Land and sea breezes 


. Obtain two glass tumblers of the same 
Size. Place some dry soil in one tumbler 
and fill the other tumbler to the same level 
te Place a thermometer in each 

er and keep the tumblers in a shaded 

Spot until their temperatures are the same. 

9w set both tumblers in direct sunlight. 

Cad their temperatures every 15 minutes. 

€ soil will become warmer than the 
Water, 

Mens the children relate this to the 
dn" of land and sea breezes. In the 

Mad x and early evening the land has 
ian up more than the neighboring 
ted: or lake. The air above the land be- 
Waiter warmer than the air above the 

> and a cool breeze blows in from 

: ep At night and in the morning, 
Wider. ay cooled down more than the 
Warme he air above the water is now 
"ui. than the air above the land, and 

— iei. a cool breeze blows from the 

ut toward the water. 


th 


Ho 
W YOUR HOME IS HEATED 
Ask the children to name the kinds of 


hot oir out 


smoke 


oir 
—— for 
candle 


Fig. 18-18 How a hot-air heating system works. 
(From A. Joseph et al., A Sourcebook for the Phys- 
ical Sciences, Harcourt, Brace & World, 1961.) 


heating systems in their homes. Do not 
confuse the type of heating system with 
the kind of fuel used. With your help, if 
necessary, the children should conclude 
that the three most commonly used heat- 
ing systems are hot-air, hot-water, and 
steam. Radiant heating in the floor is cir- 
culating hot water. Some wall radiant 
heaters are electric. 


Hot-air heating 


Make a model of a hot-air heating unit. 
Obtain two tin cans, one very much larger 
than the other. Cut the top and bottom off 
the larger can. Punch three holes in the 
large can and two holes in the small can 
at the locations shown in the diagram 
(Fig. 18-18). The holes should be large 
enough to allow glass tubing to pass 
through. 

Pass the tubing through the two adja- 
cent holes in both the large and small cans. 
The tube through the lower holes supplies 
fresh air for the burning fuel (candle). The 
tube through the upper holes acts as a 
chimney to permit the waste gases from 
the burning fuel to escape. The hole on 
the other side of the large can supplies the 
air which will be heated and go to the 
rooms upstairs. 
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heat 
carefully 


Fig. 18-19 How a hot-water heating system 
works. 


Fasten a lighted candle firmly to the 
table with melted paraffin. Invert the 
small can over the candle, and the unit 
begins to make hot air. You can show the 
presence of hot air rising at the top of the 
larger can with a pinwheel, smoke, or 
narrow strips of very thin tissue paper at- 
tached to a stick or ruler. 

Point out that in hot-air heating sys- 
tems, the heated air rises by convection 
currents and travels to the rooms by means 
of large pipes called ducts. The air enters 
the rooms through iron grillwork called 
registers, which may be located in the 
floor, baseboard, or wall. The hot air heats 
the room by convection currents. When 
the air cools, it returns through grillwork 
at the floor and then by ducts back to the 
furnace. In modern hot-air systems a 
blower helps move the hot air. 


Hot-water heating 


To show how a hot-water heating sys- 
tem works, obtain two rectangular metal 
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cans, one quart-size and the other pint- 
size. Discard the metal screw caps and 
replace them with one-hole rubber stop- 
pers. In the lower end of one side of the 
large can punch a hole just large enough 
to admit a one-hole rubber stopper. 
Punch similar holes in the upper end of 
one side and the lower end of the opposite 
side of the small can (Fig. 18-19). 

Obtain lengths of plastic tubing and in- 
sert them into the stoppers. If plastic tub- 
ing is not available, use glass with rubber 
tubing to turn corners. Seal any crevices 
around the stoppers with plumber’s seal- 
ing compound or sealing wax. Insert a 
large glass or plastic funnel in the stopper 
at the top of the smaller can. Use a ring 
stand and clamps to hold the small can 
in place. 

Remove the stopper and funnel and add 
water until both cans are full, Then Ie 
place the funnel and add more water until 
the funnel is half full. Now heat the large 
can on an electric hot plate, 

Point out that the large can acts as the 
boiler. When the furnace heats the water 
in the boiler, the water expands and rises. 
Cold water flows down to take its place. AS 
the heating Continues, the warm water 
reaches the small can, which acts as the 
radiator. Soon a convection current is g 
tablished, and the water becomes warmer 
and warmer with continued passage 
through the boiler. When the water in the 
radiator is hot, the radiator heats the ar 
in the room. The heated air sets up an alt 
convection current and makes the room 
warm. The radiator also radiates some © 
its heat to the various objects in the ser 

The funnel represents an — 
tank. Such a tank is necessary begav” 
the water expands when heated. Spac 
must be allowed for this, or else the boiler, 
Pipes, or radiator would burst. 


Steam heating 


3 em 
To show how a steam heating syst 


works, obtain a large flask and a one-hole 
Stopper to fit. Also obtain a pint-size rec- 
tangular metal can and a one-hole stopper 
to fit. In the lower end of one side of the 
un can punch a hole just large enough for 
a prece of plastic or glass tubing to pass 
through. Obtain an 8" length and a 3" 
length of plastic or glass tubing. 

„Assemble the apparatus as shown in 
Fig. 18-20. A ring stand and clamps will 
help hold the can in place. Fill the flask 
One third full of water, and then heat it on 
an electric hot plate. 

The flask acts as the boiler. The furnace 
These water in the boiler until it boils. 
ila rs that is formed rises and enters 

he es can, which acts as the radiator. 
drin lator becomes hot and heats the 
Stress € room. The heated air sets up an 
hc (C ner current and makes the room 
of its h he radiator also radiates some 
els €at to the various objects in the 

m. 

its ime the Steam in the radiator gives up 
thinks “ar the air in the room, the steam 
conden. ee bank to water. This 
throu o water drains back to the boiler 
ax wal € same pipe it used for going up 
conden, LM furnace then reheats the 
again ed water until it becomes steam 
nare aiarar air valve serves to elimi- 
ator or p: at may be trapped in the radi- 
9r this Pipe line. The hole in the can is 
closes a It opens to let air out, but 
also i contact with the steam. It 
the o as a safety valve, opening when 
the ri goes beyond the safety point. 
cain ass is interested, it can study the 
tëe m and disadvantages of these 
Will ha. Jor heating systems. Many factors 

im $a = be taken into consideration. 
type a e ors include, among others, the 
Cost of fu Le the climate, the supply and 

ainean » the cost of installing and of 
Dess Shih ^. the system, and the cleanli- 

ystem. Manufacturers of heat- 


Fig. 18-20 | How a steam heating system works. 


ing systems will supply you with informa- 
tion. For example, the Minneapolis-Hon- 
eywell Regulator Company (2753 Fourth 
Avenue South, Minneapolis 8, Minn.) puts 
out a good booklet entitled Ten Ways To 
Heat Your Home. 


Radiant heating 


A number of new methods of heating 
have been recently developed. One such 
method is radiant heating. A network of 
pipes is built into the floors, ceiling, or 
even walls. Hot water circulates through 
the pipes, heating them by conduction, 
and the pipes, in turn, radiate beat into 
the room. Because of the large surfaces 
involved, there is good radiation to all 
parts of the room. The advantages of 
such a system are obvious: there are no 
space-consuming radiators or registers vis- 
ible; the air does not have to be kept so 
warm for comfort; all the rooms are heated 
evenly; drafts are eliminated and dirt is 
reduced. However, there are also the prob- 
lems of costly repair of the imbedded heat- 
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ing coils and of maintaining efficient cir- 
culation of the hot water or air. 


Solar heating 


Solar heating uses the sun as its direct 
source of heat. The sun’s heat is gathered 
by means of special heat collectors which 
are exposed to the sun. The collector usu- 
ally consists of a black metal plate or 
panel behind a double panel of glass. The 
collectors are situated so that they face the 
sun. The heat rays of the sun pass through 
the double panel of glass and are absorbed 
by the black metal panels, which become 
hot. Water or air is used to transfer the 
heat from the collectors to the storage area, 
which contains chemicals that can store 
heat. When the heat is needed, it is re- 
leased from the Storage area and passes 
through the house. Usually the stored 
heat is converted into warm air and then 
circulated through the rooms by one or 
more fans. 

Solar heat is also used to supplement 
the more conventional heating systems. In 
this case the walls of the building on the 
sides toward the south consist mostly of 
large windows. Radiant energy from the 
sun passes directly into the rooms, where 
the energy is absorbed and converted 
into heat. An extended roof provides for 
shading the solar windows in the summer, 


when the sun moves mo 


re directly over- 
head. 


The heat pump 


The heat pump gets its heat from the 
earth. A network of pipes is buried within 
the earth. A pump run by an electric 
motor causes water to flow through the 
pipes. The circulating water takes heat 
from the earth, The heat is then taken 
from the water and concentrated for heat- 
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ing the home. Either a hot-water or hot- 
air heating system can be used to distribute 
the heat. The chilled water is returned to 
the earth. In the summer the entire proc- 
ess can be reversed and the unit can be 
used to cool the home. Once the heat 
pump is installed, the only major cost is 
for the electricity needed to operate the 
motor that runs the pump. 


AIR CONDITIONING IN THE HOME 


Discuss the functions of air conditioners 
in the home during the summer. Point out 
that the air conditioner does four things- 
First, it cools the air by means of a cool- 
ing system very much like that used in 
refrigerators. Second, it lowers the hu- 
midity by cooling the air until some of thé 
water vapor condenses out as a liquid. 
Third, it cleans the air of dust by forcing 
the air through filters. Finally, it eine 
lates the air so that the stale air is re- 
moved and fresh air is supplied. d 

Call the children’s attention to the need 
for good insulation (especially in the sai 
mer) so that the air conditioner will rst 
successfully. Poor insulation means ar 
hot air keeps coming into the house j^ 
large amounts, and a tremendous load 5 
put on the air conditioner. With air m. 
ditioning, the windows must be kep 
closed. o 

Point out that air conditioning can pe 
be used successfully in the winter. In t s 
case the air is warmed by passing it a 
heated coils. The humidity is increased i 
forcing it through a stream of water. An- 
also helps “wash” the air free of dust. js 
other method of increasing the humidity é 
by allowing water to evaporate into 
warm air. 


CAPSULE LESSONS 


18-1 Obtain a glass jar with a metal cover 
that is stuck tight. You can create such a con- 
dition by placing the cover in hot water and 
then screwing the cover on tightly while it is still 
hot. When the cover cools, it should be stuck. 
Pour hot water again on the metal cover. It will 
unscrew quite easily now. Lead into the study of 
€xpansion and contraction. 

18-2 If your room has a thermostat to con- 
trol the temperature, have the children examine 
it. If not, perhaps the school custodian will show 
the class where the master thermostat is located 
and explain how it operates. Lead into the study 
of expansion and contraction and also of the un- 
*qual expansion of metals. 

18-3 Bring a Fahrenheit thermometer into 
class, Observe how it is constructed and note the 
ae on it. Find the temperature of the air 
sila and outdoors. Lead into the study of 

ometers and the measurement of temper- 
me (Wote: You can also bring in a centigrade 

. mometer and compare it with the Fahren- 
fhe r mometer, This will lead into the study 

ing Gere of temperature measurement are 
: Some thermometers have both scales on 

them.) 
"ud. bis: in a medical (clinical) thermom- 
iñ "on. Ow it differs from other thermometers 

18- ction and operation. 

"s 3 Have the children make their own 

sic MUN using small milk or cream 
ibis "e : astic tubing, and colored water. Lead 
Miner udy of the thermometer and the meas- 

i 8 of temperature. 
alin the class list the various uses of 
and thet. Lead into a study of expansion 
ture me ction, thermometers, and tempera- 

‘asurement, 
id CE a piece of cloth in water; then 
Sii Tom a string. Ask the class for sug- 
Barding how to dry the cloth as quickly 


Susp, 
Sesti 
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as possible. Lead into the study of evaporation 
and the various factors affecting the rate of evap- 
oration. E] 

18-8 Bringa pitcher of water and ice cubes 
that has been standing in the refrigerator for 
some time. Observe the droplets of water that 
form on the outside of the pitcher. Lead into 
the study of condensation. 

18-9 Fill a glass with very hot water; then 
puta silver spoon in the glass. Fill an aluminum 
tumbler with hot water. Note how hot the metal 
becomes in each case. Lead into the study of heat 
travel by conduction. 

18-10 Devise an experiment to find out 
whether certain substances are good or poor con- 
ductors of heat. Lead into the study of conduc- 
tion and the molecular theory of heat. 

18-11 Cut very thin tissue paper into nar- 
row strips about 6" long. Attach the strips 
with tacks or Scotch tape to a ruler or stick. 
Use this device to find out the directions 
of air currents in various parts of the room. 
Lead into the study of heat travel by convec- 
tion currents. 

18-12 Have the children put the palms of 
their hands near a lighted electric bulb or a 
heated radiator. Lead into the study of radia- 
tion. 

18-13 Have the class collect information 
about the various types of heating systems. They 
can contact community dealers of heating sys- 
tems or can write away to manufacturers. Dis- 
cuss the different methods of heat travel used in 
these systems. Compare their method of opera- 
tion. List the advantages and disadvantages of 
cach heating system. 

18-14 Have the class visit an air-conditioned 
store, restaurant, or theatre. Arrange for an ex- 
pert to show the different parts of the air condi- 
tioner and how each functions. 


Parker, Bertha M., and Clifford Holley, Ther- 
mometers, Heat and Cold, Row, Peterson, 1942. 
Good discussion of temperature and different 
ways of measuring it. 
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Clothing 


It is easy for the children to understand 
that clothing is necessary for modern liv- 
ing. Clothing helps our bodies adjust to 
changes in the weather and climate. 
Clothing also protects us in inclement 
weather. The kind and amount of cloth- 
ing we wear to a large extent depend 
upon the seasons and also upon the cli- 
mate in which we live. Clothes also help 
us in our personal appearance and attrac- 
tiveness. 


KINDS OF FIBERS 


Let children help you collect a wide va- 
riety of fabrics to bring to class. If possible, 
include swatches and thread. You can ob- 
tain individual threads for comparison by 
separating them from the various swatches. 

Let children classify the fabrics into 
three main categories: fabrics made from 
plant fibers, fabrics made from animal fi- 
bers, and fabrics made from synthetic 
fibers. You may want to have the class 
learn where the fibers come from and how 
they are woven into cloth. 


Plant fibers 


Cotton. Let children conclude that the 
most widely used plant fiber is cotton. 
Cotton fibers are the hairs found on the 
seeds of the cotton plant. If possible, ob- 
tain a cotton boll on its stem. Obtain some 
absorbent cotton and place one or two fi- 
bers under the high-powered lens of a mi- 
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croscope. The high school biology teacher 
will lend you a microscope and show you 
how to use it. One of the children may 
have an adequate microscope at home. 
Another possible source is your physician 
or an industrial concern in your city or 
town. Under the microscope the cotton 
fiber will look like a flattened, irregular, 
twisted ribbon (Fig. 19-1). If a micro- 
scope is not available, many of the newer 
high school chemistry and physical sci- 
ence textbooks have excellent pictures of 
fibers under a microscope. There are also 
books on identifying textiles. 

Collect samples of materials made from 
cotton. Some of these cotton materials are 
cheesecloth, organdy, chintz, gingham, 
crinoline, muslin, percale, calico, velvet- 
een, seersucker, cotton poplin, sailcloth, 
and canvas. Most cotton thread has been 
treated to make it smoother and give Ít 
luster. This is done by stretching the cot- 
ton and immersing it in vats containing 4 
strong (concentrated) cold sodium hy- 
droxide (lye) solution. Cotton treated i? 
this manner is said to be mercerized. ; 

Linen. Another common plant fiber 5 
linen, which comes from the flax plant 
This fiber is long, lustrous, and smooth. 
Under the microscope the fibers look i 
bamboo canes, with jointed cells and sP : 
tapered ends (see Fig. 19-1). Point out tha 
linen is used to make handkerchiefs, table- 


3 n 
cloths, napkins, and summer dresses 2 
blouses. 


S 
Fig. 19-1 
Harcourt, Brace & World, 1952.) 


_ Juteand hemp. Other plant fibers are 
Jute and hemp (see Fig. 19-1). These fibers 
are not as fine as cotton and linen, and are 
used to make carpet backing, rope, twine, 
and sacks, 


Animal fibers 


"e Wool fibers are the most com- 
fos. y used animal fibers today. These fi- 
ior are obtained from the soft, hairy 
ring of sheep and sometimes goats. 
ape the microscope the wool fiber looks 
(Fi ie long cylinder with scales on it. 
s !8- 19-1). The fiber is very curly and 
Pringy, 

iG Samples of material made from wool in- 
Si d "Wie camel’s hair, alpaca, cov- 
aeg ;flannel, gabardine, mohair, serge, 

zd, and worsted. 
Silk, Silk is another common animal 
Se Silk was once quite popular, but now 
he replaced to a great extent by 
m ynthetic fibers as Nylon, Orlon, and 
onc Silk is made by the mulberry silk- 
ë oe spinning its cocoon. Under 
thin ee the silk fiber appears as a 
A X smooth, and lustrous cylinder 
c ude -1). Materials made from silk in- 
chiffon "ong others, brocade, brocatelle, 
> crepe, velvet, crepe de Chine, 


fo 

ula à : 

and td, lamé, moire, satin, taffeta, tulle, 
faille, 


it 


How fibers look under the microscope. (From P. Brandwein et al., Science for Better Living, 


Synthetic fibers 


Rayon. Rayon is one of man's first 
successfully made artificial fibers. It is 
made from cellulose. When manufactured, 
the rayon fibers resemble silk. Under the 
microscope the rayon fiber looks like a 
smooth, lustrous cylinder (Fig. 19-1). 
Rayon textiles can be made into materials 
that are hard to distinguish from silk, cot- 
ton, linen, or wool. Celanese is one form of 
rayon. 

Other chemical fibers. Today there are 
a wide variety of synthetic fibers, all made 
from chemicals. They all have trade 
names, such as Nylon, Orlon, Dacron, 
Vinyon, Aralac, Acrilan, Velon, Dynel, 
and Saran. Like rayon, these fibers re- 
semble silk, and under the microscope 
they look like smooth, lustrous cylinders. 
Synthetic fibers are easily identified be- 
cause of their uniform thickness. The 
thickness of natural fibers varies. Synthetic 
fibers are made into fabrics which have 
special properties. These will be taken up 
later in the chapter. 

Glass and asbestos. It is interesting to 
note that glass and asbestos can also be 
spun into thread and woven into fabrics. 
Glass fibers are made by stretching melted 
glass into fine filaments. These filaments 
are spun into thread for weaving into 
cloth. Lightweight glass fibers are used 
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to make long-lasting window curtains, 
drapes, and lamp shades. Heavier glass 
fabrics are used to make fireproof theater 
and school curtains. 

Asbestos rock, which is fibrous in struc- 
ture, is shredded to make asbestos fibers. 
These fibers can then be spun and woven 
to make asbestos cloth. Asbestos cloth is 
used in fireproof theater curtains and suits 
for fire fighters. 


IDENTIFYING FIBERS 


Not so long ago most fabrics were made 
of wool, cotton, linen, or silk. It was easy 
to identify them just by feeling and look- 
ing. Today a wide variety of synthetic fi- 
bers has appeared on the market, and 
manufacturers have learned how to com- 
bine many fibers in making just a single 
fabric. Consequently, it is not easy now 
to analyze completely or identify all fab- 
rics. 

However, if the fibers of a fabric can be 
Separated, there are some Simple tests 
which help greatly in distinguishing fab- 
rics. The most common of these are the 
burning tests and chemical tests, 


The burning test 


Obtain samples of a wide variety of 
fabrics. For the burning tests use both a 
Strip of the fabric and individual threads. 
The strip should be about 2” wide, and 
long enough so that you can touch one 
end to a match flame and still be able to 
hold it comfortably without burning your- 
self. Obtain individual threads by pulling 
them both from the warp (the lengthwise 
threads) and from the filling (or Woof ) of 
the fabric. 

When performin 
each sample of fabric 
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the thread first and then confirm the test 
with the strip of cloth. The individual 
threads may give you some idea of the 
mixtures of fibers used. 

Cotton and linen. Pure, untreated cot- 
ton or linen burns with a large flame and 
leaves almost no ash. The odor, if any, is 
quite similar to that of burning “rags” or 
paper. After the lame goes out, a glowing 
spark may continue to travel through the 
unburnt material. j 

Cottons treated to give them a special 
finish will burn with a much smaller 
flame. The cloth seems to char rather than 
burn completely. The ash retains the 
Shape of the original material. 

Wool. Wool will either smoulder or 
burn with a very tiny flame. However, 
the odor of burnt hair or feathers is un- 
mistakable. A gummy, beady, coke-like 
ash accumulates and forms balls along the 
edge of the burning portion. Wool leaves 
much more ash than cotton or linen. 

Silk. Pure, untreated silk also burns 
slowly and with a tiny flame. The charac- 
teristic odor of burnt hair or feathers will 
appear. The ash is black and shiny and 
forms into tiny brittle balls along the edge 
of the fabric. The balls crush easily when 
Pressed between the thumb and forefin- 
ger. 

Often silk is weighted (stiffened) bY 
Soaking the silk in a solution of uae 
(metallic) Salt, usually a tin compound. 
Weighting the silk gives the pure silk more 
"body" and also makes it easier to Wan 
the silk. With the burning test the weight€ 
Silk will not burn, but just char. It leaves 2 
black ash which has the same shape as the 
original cloth, í 

Rayon. All types of rayon, being 
made from cellulose like cotton and linen: 
will burn with a large flame. Mec 
the ash will vary, depending upon t ¢ 
kind of rayon. Viscose rayon and cupra™ 
monium rayon, if unweighted, will p 
like cotton, with a large flame and leav 


little or no ash. Acetate rayon burns with 
a large flame and gives off an odor of 
burning punk. [Acetate rayon dissolves in 
acetone (nail polish remover).] However, 
the material melts as it burns and leaves 
an ash very much like silk. The ash is 
black and shiny and, like silk, also forms 
tny balls. However, these balls of ash be- 
come quite hard when cool and cannot be 
crushed easily between the thumb and 
forefinger, 

Other synthetics. Nylon and the other 
synthetic fibers do not burn at all. How- 
ever, combustible dyes and finishes may 
ee burning. Usually the fibers melt, 
oe a brown mass at the edge of the 
vr In some cases a characteristic 
oed given off. Since all the synthetic 

react the same way to a flame, the 
eu test can only serve to identify 
< S Synthetic fibers as a group, and not 
individually, 


Chemical tests 


Qn identifying fibers by chemical 
in use very small pieces of fabric. Your 
Von School chemistry teacher can help 
Ni the chemicals. He can either 
Viv, up the solutions and give them to 
ens "s dele you in ordering the chemi- 
solutio; then help you make the proper 
especi = When working with chemicals, 
to re Ri acids and bases, take care not 
hie them on your person or clothes. If 
pleni ould happen, quickly wash with 
Y of water. 

WAS i sodium hydroxide. Obtain a 
: eee container, such as is used in 
ute A; en for boiling water. Make a di- 
ton ution of sodium hydroxide by dis- 
ies ^ teaspoons of lye in a pint of 
water. i aulion: Use care in adding lye to 
stove i oil the solution gently, using a gas 
Orca — stove, or a hot plate. With 
cili Zep’ the sample of cloth in the 
m Solution and boil gently for about 
Dutes. Animal fibers, such as wool 


and silk, will dissolve. All the other fibers 
will not. 

If you have a sample of cloth which isa 
mixture of wool and cotton, the wool will 
dissolve, leaving the undissolved cotton 
behind. This is also a test to determine 
whether material is pure wool or not. If 
you wish you may weigh the cloth sample 
carefully before putting it in the lye solu- 
tion. After 10 minutes remove what is 
left, using a forceps. Wash the remnant in 
running water. Then put it on blotter or 
other absorbent material and let the rem- 
nant dry completely. Weigh the dried 
material carefully. From the two weights 
you will now be able to calculate the per- 
centage of wool and other material in the 
fabric. 

With hydrochloric acid. Pour cold con- 
centrated hydrochloric acid (Use caution.) 
in a small beaker or glass tumbler. 
Never, never pour water into acid. Always pour 
the acid into water. Put very small pieces 
of fabric, or even just fiber threads, into 
the acid. Use a glass rod or swizzle stick 
to stir the fabric or fibers in the acid. Silk 
will dissolve in the hydrochloric acid. 
Rayon will also dissolve, but very, very 
slowly. Wool fibers will swell, but will not 
be destroyed. Cotton and linen are un- 
affected by the acid. Nylon is weakened 
and becomes brittle, but Orlon is not af- 
fected. 

When you are finished with the acid, 
pour it slowly into a large container of 
water. Then pour the mixture down the 
sink or drain, letting the water faucet run 
for some time. This will protect the plumb- 
ing from the corrosive action of the acid. 

With sulfuric acid. Secure from a 
druggist a 2% solution of sulfuric acid. 
Pour some of the sulfuric acid solution in 
a small beaker or glass tumbler. Stir the 
solution with a glass rod or swizzle stick. 
Now put a drop or two of the solution on 
the pieces of fabric to be tested. Animal 
fibers will be unaffected. Vegetable fibers 
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will char. Nylon becomes slightly brittle, 
but Orlon is unaffected. 

To test if a sample of fabric is a mix- 
ture of wool and cotton, add 2 drops of 
the sulfuric acid solution to the sample. 
Allow the acid to penetrate through the 
fabric. Then place the sample between 
two sheets of paper and press with a hot 
iron. If the material contains cotton, a 
charred spot will appear where the acid 
was dropped. Rub the charred spot gently 
between your thumb and forefinger. It 
will fall away, leaving the unaffected wool 
behind. 

With indicator paper. Place a small 
piece of the same fabric in each of the two 
test tubes. Push the fabric down to the 
bottom of the test tube with a glass rod, 
swizzle stick, or pencil. Across the top of 
one test tube place a piece of moistened 
red litmus paper. Across the top of the 
second test tube place a piece of mois- 
tened lead acetate paper. (Caution: Dry 
lead acetate is highly inflammable by spontane- 
ous combustion. It must always be kept in a 
water solution.) If prepared lead acetate 
Paper is not available, cut narrow strips 
of filter paper and dip them in lead ace- 
tate solution. Heat both test tubes. Cot- 
ton, linen, rayon, and synthetic fibers do 
not give off fumes which affect these 
papers. Wool and silk both give off am- 
monia vapor, which turns the red litmus 
paper blue. In addition, wool gives off 
sulfide vapors which turn the colorless 
lead acetate paper black or brownish 
black. 

With ink. Linen is hard to distinguish 
from cotton, especially if the cotton has 
been treated. The best test for identifying 
linen is by looking at it under the micro- 
scope. There are also some effective chem- 
ical tests. Wash and dry thoroughly a 
piece of linen and a piece of cotton. Then 
place a drop of ink on cach sample. In the 
linen sample the ink will be absorbed 
quickly in an even circle. In the cotton the 
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ink will be absorbed irregularly and not so 
quickly. 

With oil. Obtain two fresh, dry, clean 
samples of linen and cotton. Add a drop 
of olive oil or glycerin to each sample. In 
linen the spot becomes translucent. In 
cotton the spot remains opaque. 

With solvents. Acetate rayon will dis- 
solve in acetone, chloroform, and to some 
extent in alcohol. No other rayons or other 
fibers will dissolve in these reagents. 

With chlorine bleaches. Chlorine 
bleaches will destroy animal fibers but 
will not affect plant fibers. Bleaches which 
do not contain chlorine, such as hydrogen 
peroxide, must be used for animal fibers. 
Chlorine bleaches weaken Nylon, but do 
not affect Orlon. 


PROPERTIES OF FIBERS 
Wear resistance 


Here is one demonstration that will test 
the wear resistance of fabrics. Obtain à 
small electric motor. Toy stores and fun 
shops sell all kinds and sizes of inexpensive 
motors. One of your pupils may have 4 
small motor at home that he might bring 
in. Then get a piece of wood dowel about 
1” long. A short length of broomstick wil 
also do. Drill a hole in the dowel longi- 
tudinally through the axis. The diameter 
of the hole should be slightly smaller than 
the diameter of the shaft on the motor- 
Force the motor shaft firmly into the hole 
in the dowel (Fig. 19-2). Now cement fine 
sandpaper around the dowel, with the 
sandy side up. The sandpaper is the abr@ 
sive which will test cloth for its wearing 
quality. If you can obtain it at the har 
ware store, use crocus cloth (#400 su 
600) instead of sandpaper. The eroe 
cloth contains very finely powdered €?? 
€ry, which is an excellent abrasive. 6- 

Obtain samples of different fabrics 
8" long and 2-3" wide, The thickness : 
the samples should be about the same 


motor shaft 


sandpaper. | 
dowel with 
hole in it 


(a) 


Es of toble 


(b) 


Fig. 19.2 Testing fabrics for resistance to wear: 
(a) equipment for applying abrasion; (b) cloth 

older, 
we à very small hem at the top and 
tom of each length of cloth. This will 
eu the cloth from ripping when 
awe Then get a piece of pine board 
to Out 4^ x 6” x 34". Clamp the board 
ü the edge of a table, or rest the board 
Pene the backs of two chairs placed back- 
to jm a few feet apart. You may want 
"t. ace the chairs on a table for better 
desi Screw a cup hook into the under- 
iud the board. Obtain two large drapery 
Fa S, the kind you use to hang heavy 
EM from traverse or kitchen rods. 
faba hook in at the top of one length 
atta E. and suspend it from the cup hook 
Dus ted to the pine board. Slide the other 
o e at the bottom of the same length 
dök ric. Tie a string around one or two 
hook. and attach the string to the drapery 
at the bottom (Fig. 19-2). This will 


ee 
3 P the cloth taut while you test the cloth 
r Wear, 


Now set the motor running and hold 
the rotating shaft and sandpaper against 
the taut piece of cloth. Note how long it 
takes to wear a hole in the cloth. Repeat 
the experiment with the other cloth sam- 
ples and note how long it takes to wear 
out the cloth in each case. Make a list of 
the fabrics in the order of the time re- 
quired to wear each out. 


Dry and wet strength 


Obtain samples of different fabrics 6- 
8" long, 2-3" wide, and of about the same 
thickness. Sew small hems at the top and 
bottom of each length of cloth to prevent 
ripping. Obtain a piece of pine board 
about 4’ x 6" x 94". Clamp the board to 
the edge of a table, or rest the board upon 
the backs of two chairs placed back-to- 
back a few feet apart. Attach the cloth top 
to the board by means of a row of tacks. 
Attach a small board to the other end 
(bottom) of the cloth with tacks, also. 
Hang a drapery hook over the bottom 
board. Attach a strong cord to the handle 
of a small bucket or pail and connect the 
cord to the drapery hook (Fig. 19-3). 


Testing fabrics for wet and dry 


Fig. 19-3 
strength. 
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Now add weights to the bucket until the 
fabric rips. If standard weights are not 
available, cloth bags filled with sand will 
serve just as well. Add quarter-pound, 
half-pound, and pound quantities of sand 
to cloth bags; then sew the bags tightly at 
the top. The weight of the bucket plus the 
sum of the weights inside the bucket will 
give you the strength of the dry fabric. Re- 
peat the experiment with the other cloth 
samples. 

You will find that the synthetic fabrics 
like Nylon, Orlon, and Dacron are the 
strongest. Cotton and silk are next in line, 
followed by the rayons and finally wool. 

Once the dry strength of the fabrics is 
known, repeat the experiment, using the 
same materials when wet. Cotton is the 
only material which becomes stronger 
when wet. Saran loses no strength at all. 
Silk, wool, Nylon, Orlon, and Dacron 
lose strength slightly. All the rayons be- 
come much weaker when wet. 


Water-absorbing Property 


Obtain cloth samples of different kinds 
of fabric. Cut the samples of equal size 
(about 6” square) and try to have them 
all the same thickness. Iron each sample 
flat before you begin the experiment. 
Stretch a cord or clothesline across one 
end of the room and obtain a number of 
spring-type clothespins. Obtain a number 
of glass tumblers, all the same size and 
shape, and pour water into all the tum- 
blers to the same level. 

With forceps or tweezers dip each cloth 
into a tumbler of water for at least a min- 
ute. Then lift the cloth from the glass and 
let any excess water drip back into the 
tumbler. Hang each cloth up to dry on the 
clothesline. Note how much water each 
cloth sample soaked up and how long 
each sample took to dry. 

Wool will absorb the most moisture, 
followed by pure rayon, then silk, and 
then acetate rayon, linen, and cotton (all 
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about the same amount). Nylon will ab- 
sorb only a little water, and Orlon even 
less. Dacron will absorb almost no water 
at all. 

You will recall that the cloth samples 
were ironed flat before you wet them. 
Now note the smoothness of each sample 
after it has dried. Have any of the materi- 
als shrunk? Also, wet them again and try 
stretching them this time while they are 
wet. Which materials can be stretched, 
and how much? 

Have the children discuss the effects of 
water on different fabrics and the implica- 
tions for use in protecting against rain. 


KEEPING COMFORTABLE WITH 
CLOTHING 


There are many factors which must be 
taken into consideration when selecting 
the proper clothing to keep you comfort- 
able during the winter or summer. 


Nature of the fabric 


The nature of the fabric is one impor- 
tant factor. Wool is one of the warmest fi- 
bers. Examine some wool fibers agam 
under the microscope. Also examine 
closely a woolen sweater. Notice the air 
spaces between the wool fibers. These se 
“dead” air spaces because the air canno 
circulate. This lack of circulation give 
good heat protection by preventing the 
heat of your body from escaping. 

Recall the section, “How Much Heat E 
Cold Gets Through— Insulation, = 
Chapter 20. Rock wool is cited as an x? 
cellent insulating material because it ! 
flufly and traps many air spaces. 7 

Examine the fur lining of a glove. x 
tice again the air spaces between the a 
These are also dead spaces and prote 
against the loss of heat in your body. 


Nature of the weave 


ic 
The nature of the weave of the fabr 


is another important factor in keeping 
comfortable. For the summer, loose open 
weaves are desirable since your comfort 
depends upon air circulating freely 
through the garment. This allows the per- 
Spiration to evaporate faster. The quicker 
the perspiration evaporates, the cooler 
you feel. 

Obtain a small amount of denatured al- 
cohol and place it in a small bottle. Also 
obtain two medicine droppers. Pour some 
water in a second bottle, and let the bot- 
tles of alcohol and water stand overnight 
So that they both reach the same tempera- 
ture. Now have a child place one hand 
Out, palm down. Fill one medicine drop- 
Per with water and put a drop of water on 
the back of the child’s hand. The drop will 
€vaporate and the hand will feel cooler. 

ow have the child place both hands out, 
palms down. Fill one medicine dropper 
With water and the other with alcohol. 
Simultaneously put one drop of water on 
the back of one hand and one drop of al- 
Kei on the back of the other hand. The 
dn. ol will evaporate more quickly than 
pe vater, and the hand with alcohol will 

cooler. 
E e out that when a liquid. evap- 
E requires heat. It takes this heat 
€ passa from which it is evapo- 
Pis iiw is why the child's hands felt 
nic elp the children understand that 
e i alcohol evaporates faster, it takes 
Sida ay from the surface faster, thereby 
the oum a greater cooling effect. Thus 
the era liquid evaporates, the greater 
Cooling effect. 
three children recall what happens 
bine €y go swimming. Whenever they 
s ler of the water, they feel cool or 
SR. d, especially on a windy day. The 
ski: ee EDO ED cq ets of water on the 

T sults in rapid cooling. 
ts oes the more open the weave, 

mb bd the circulation and the better 

Pportunity for faster evaporation of 


the perspiration. The closer the weave, 
the poorer the circulation and the less 
opportunity for fast circulation. 

Call the children's attention to the 
warmth of leather jackets, coats, and 
gloves. Leather has tiny pores, but they 
are so tiny that the spaces even between 
very tightly woven material seem like 
huge holes by comparison. The air can- 
not penetrate the leather even in cold 
windy weather. A combination of leather 
on the outside and wool or fur on the in- 
side is just about the warmest combina- 
tion possible. The Eskimos are well aware 
of that. Incidentally, you might want to 
point out that we use leather for our shoes 
because it protects us from injury and 
moisture as well as from the cold and heat. 


Fit 

Fit is still another factor in keeping us 
comfortable. In the summer, loose clothes 
allow free air circulation to evaporate per- 
spiration. In the winter, a tighter fit is 
more desirable (but not too tight). Actu- 
ally the tightest fit should be around the 
neck to prevent heat from escaping. A 
small layer of trapped, still air helps con- 
serve body heat. 


Weight 

Another factor is the weight of the fab- 
ric. The heavier the fabric, the more lay- 
ers of fiber there are. This increases the 
amount of dead air spaces and prevents 
the body heat from escaping. This is why 
we wear heavy clothes in the winter and 
light clothes in the summer or during 
warm weather. 


Color 


Finally, the color of the cloth makes a 
difference too. Review the section, “Colors, 
Heat, and Comfort," in Chapter 20. Per- 
form the experiments showing that the 
darker the material, the more radiated or 
radiant heat it absorbs, and the hotter the 
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material becomes. Point out that the sun 
radiates heat, too. Obtain two thermome- 
ers. Wrap the bulb of one thermometer in 
black cloth, and the cther bulb in white 
cloth. Both pieces of cloth should be of the 
same material. Place both thermometers 
in the direct sunlight and read the ther- 
mometers at 10-minute intervals for a half 
hour. The thermometer under the black 
cloth will show a greater rise in tempera- 
ture. Thus, light clothes are preferred in 
the summer because they are cooler than 
darker clothes. 


REMOVING STAINS 


Removing spots and stains has become 
a common practice in the home. However, 
there are certain safety precautions which 
should be called to the children's atten- 
tion. Spot removers are sold under many 
trade names, but most of them consist of 
benzene, gasoline, naphtha, or carbon tet- 
rachloride. All but carbon tetrachloride 
are highly inflammable, and their vapors 
can be explosive. (Caution: The fumes of car- 
bon tetrachloride are toxic and should not be in- 
haled.) A tiny spark created by the friction 
of rubbing is enough to cause the vapors 
of all but carbon tetrachloride to ignite, 
The heat of an electric iron or other appli- 
ance, or the spark produced when a plug 
is removed from the wall outlet, can also 
cause fire or explosion. Although carbon 
tetrachloride is noninflammable, its va- 
pors are poisonous. Consequently, when 
using all spot Temovers, be sure to work in 


a well-ventilated room or outdoors, and to 
avoid excessive heat, fla 
Sparks. 


me, or electric 


The children may be interested in re- 
moving some common stains. Before do- 
ing so, point out that there are a few basic 
rules which should be Observed. Stains 
should be treated promptly while they are 
fresh. If not, they will harden and set, 
damaging the fabric and becoming more 
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difficult to remove. Try to determine the 
nature of the fabric. What is it made of? 
Can it be washed? Is it affected by acids 
or alkalies? 

Before trying to remove a stain, try to 
determine exactly what it is. The wrong 
treatment may set a stain so that it is im- 
possible to remove. Or you may remove 
not only the stain but the color of the cloth 
as well, so that what was once a stain be- 
comes a faded spot. Always test any roe 
mercial spot remover first on a sample o 
the cloth or on a hidden part of the gar- 
ment, such as the hem, to make sure It 
will not change color or damage the fab- 
ric. This applies also to water. 

Always try sponging with cold -— 
first, providing the fabric is not Leer 
by water. Hot water sets many stains an 
makes it hard to remove them. Test 3 
sample of the fabric to see if water spo 
it. . 

The standard procedure in Pues 
stains is to place the stained fabric yc 
pad of clean, absorbent cloth, with t 
stain face down on the cloth. Use € 
soft cloth to sponge the fabric. Damper 
the cloth with water or dip it into the ipa 
remover. Then sponge the stain n 
light, brushing motions, working from t 
outside of the stain in toward the eun 
Spread the solvent unevenly into the fa 2 
ric around the stain, to prevent a s 
from forming. Work rapidly and use i 
solvent sparingly. It is better to apply foi 
water or spot remover many times » 
Short intervals than to apply a ae 
amount at once and then leave it ae ap 
a long time. Change the pad or the ve 
of the pad every time you apply ff 
Water or spot remover. it bY 

Ifa ring does form, try removing ! ea 
sponging the material with fresh pe y 
by shaking it in the steam of a Wig 
boiling teakettle. Sometimes the ring € - 
be removed by scratching it with Leer 
gernail or with a stiff brush or by rub 


the cloth between your hands. Blowing on 
the stain while applying the water or spot 
remover will help the spot dry quickly and 
will prevent a ring from forming. Patting 
the treated stain with a dry cloth will also 
help. 

If the stain does not come out easily, do 
not rub. Rubbing may cause the fabric to 
look lighter or wear out. Stop treating the 
Stain yourself and send it to a professional 
cleaner, 

The following are a few of the methods 
used to treat some common stains. If the 
Pupils become interested in stain removal, 
2 them read the comprehensive yet 
E booklet Stain Removal from Fabrics, 
o Methods, Farmers? Bulletin No. 1474, 

2, U. S. Department of Agriculture. 
oe costs five cents and can be ob- 
Doc y writing to the Superintendent of 

uments, Washington, D.C. 
eon TAPE: Sponge with carbon 

chloride. 

use Blood stains will usually come 
Wenta Soaked or rubbed in cold or luke- 
[uu niae Never use hot water because 
Sponge i stain. For silk or wool simply 
Wat a; € stain with cold or lukewarm 
the blo s washable materials soak or rub 
light sa stain in cold water until it turns 
Soap Town in color. Then wash in warm 
add p ees If the stain is old and dried, 

otla Pet > of household am- 
Soakin p each gallon of water used for 
UE ek alt water (about 2 cups of salt 
oosen T vw of water) will also help 

Siewert | dried stains. de 
a ected be cum: Ifthe material is not 

inm T water, apply an ice cube to 

and : This will harden the gum, which 

dull es be scraped or rubbed off with a 

ric, s à For hardened gum inside the 

en E a the gum with egg white, and 

‘ Bab - Another method is to sponge 
cman e tetrachloride, then water. 

» E AND cocoa: More than 

od is often necessary to remove 


€ 


chocolate and cocoa stains because they 
usually contain other substances, such as 
milk, sugar, starch, and fat. First scrape 
off as much as you can with a dull knife. 
If the material is washable, wash with 
warm soapy water. Stubborn stains may 
be removed from white cotton or linen 
by using a commercial chlorine bleach 
(you can smell the chlorine in it). If the 
fabric is not washable, sponge it with 
carbon tetrachloride to dissolve the fatty 
contents of the chocolate. The remainder 
can be removed with hydrogen peroxide. 

COFFEE AND TEA: Fresh stains as well 
as most old ones can be removed from 
washable materials by ordinary launder- 
ing. If a slight trace of stain remains, dry 
in the sun; if the material is white, bleach 
with a commercial bleach or hydrogen 
peroxide. If the stains are on wool or silk, 
sponge immediately with cold or lukewarm 
water. If a grease spot remains, treat it 
with carbon tetrachloride. 

FRUITS AND BERRIES: If the stain is on 
washable material, stretch the stained ma- 
terial over a bowl or other vessel and pour 
boiling water on it from a teakettle at a 
height of 3^. This will permit the water 
to strike with some force and wash away 
the stain. If the material is white and a 
trace of stain remains, treat the fabric 
with commercial bleach. 

crass: Ifthe material is washable, use 
hot water and soap, rubbing the stain vig- 
orously. Remaining traces in white cotton 
or linen can be bleached out with com- 
mercial bleach. If the material is not 
washable, sponge with warm alcohol 
(either wood or denatured). (Caution: 
Alcohol is inflammable. Warm by standing 
an open bottle in a dish of hot water.) 

GREASE AND OILS: First scrape or wipe 
off as much of the grease as possible. If 
the material is washable, use warm water 
and soap, rubbing the spot thoroughly. 
The standard, and most effective, method 
is to use such grease solvents as carbon 
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tetrachloride, benzene, naphtha, or gaso- 
line. 

ICE CREAM, MILK, ORCREAM: Ifthe ma- 
terial is washable, rinse in cold or luke- 
warm water; then wash with soap and hot 
water. For nonwashable material, first 
sponge with carbon tetrachloride or ben- 
zene to remove the greasy part of the stain. 
Let it dry. Then sponge carefully with 
cold water to remove the other materials. 

INK: If the ink stain is still wet, apply 
corn meal, cornstarch, talcum powder, or 
salt to remove any ink not yet absorbed 
by the material and to keep the stain from 
spreading. Work the powder into the stain, 
Shake off the powder as it becomes soiled 
and repeat the process. When the dry ab- 
sorbing material fails to take up more ink, 
make it into a paste with warm water and 
apply again. If the fabric is washable, some 
types of ink may be removed with soap 
and water. Another method is to add 
some milk and then blot the milk and ink 
with an absorbent cloth or blotter. Then 
use carbon tetrachloride or benzene to 
remove the milk. 

IODINE: If the material is washable, 
use soap and water on a fresh stain. If the 
material is nonwashable, sponge with de- 
natured alcohol. The most effective 
method is to sponge with sodium thiosul- 
fate solution (1 tablespoon of sodium thio- 
sulfate solution to 1 pint of water). Sodium 
thiosulfate, known as “hypo” to most am- 
ateur photographers, can be obtained at 
any camera shop. 

LIPSTICK: Sponge with benzene or car- 
bon tetrachloride. If a trace of color re- 
mains, sponge with denatured alcohol, 

MERCUROCHROME: 


Mercurochrome 
Stains are very hard tore 


move and must be 
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treated promptly. First sponge with a solu- 
tion made of equal parts of denatured al- 
cohol and water. Next work glycerin into 
the cloth to help loosen the stain. Then 
wash well in soapsuds and rinse with 
water containing a few drops of house- 
hold ammonia. If this treatment does not 
completely remove the stain, use a bleach. 

PAINTS: Scrape off as much paint as 
possible. Then sponge the stain with tur- 
pentine or paint remover. If the paint has 
hardened, first loosen the paint by rub- 
bing Vaseline, oil, or even butter into it. 
Then treat with turpentine or paint re- 
mover. 

RUST: Sprinkle the stain with salt; 
then squeeze lemon juice on it and spread 
in the sun to dry. If the stain still shows, 
add more lemon juice and repeat the 
Process. Rinse well afterward. A most ef- 
fective rust remover is oxalic acid solu- 
tion (3 tablespoons of oxalic acid crystals 
to 1 pint of water). Oxalic acid is a poi- 
son and must be handled with care. 

TAR: First scrape off as much tar 2$ 
Possible. Then rub in Vaseline to soften 
the stain. Now sponge with benzene, car 
bon tetrachloride, naphtha, or gasoline 
Repeat the treatment until the stain is n 
moved. Tar is extremely difficult to T° 
move from cotton. d 

WATER SPOTS: Some wools, silks; p? 
rayons are spotted by water. Dampen 
entire materia] evenly. Either sponge "e ^ 
clean water or Shake in the steam © " 
vigorously boiling teakettle, Then D d 
while the fabric is still damp. Scratch! d 
With the fingernai] or with a stiff brush; à 
just rubbing the cloth between the hane? 
is often enough to remove the spot. 


CAPSULE LESSONS 


19-1 Bring in different samples of cloth and 
have the children try to identify the material. 
Let them also try to identify the material in their 
8arments. Lead into the study of the different 
kinds of fibers, 

19-2 Have the children make a list of arti- 
cles in the home which are made from synthetic 
fibers. Lead into the study of the various fibers, 
natural and synthetic, and their different prop- 
erties, 

. 19-3 Discuss the kinds of clothing worn in 
different seasons of the year. Compare the value 
of different materials for keeping comfortable in 
warm and cold weather. 
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19-4 Make a list of clothing worn in the 
summer and winter. Include such things asopen- 
toed shoes in the wiater and furs in the sum- 
mer. Discuss whether the selection is based upon 
fashion or common sense. Go into the study of 
keeping comfortable with clothing. 

19-5 Make a list of rules for taking care of 
clothing. Lead into the study of different fabrics 
and their care. 

19-6 Bring in some different samples of 
cloth. Stain or spot them in various ways; then 
call for suggestions on how to remove the stains. 
Lead into the study of fibers and fabrics and how 
to keep them clean. 
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WHERE PEOPLE LIVE 


Begin with a study of the different 
kinds of homes used today. Flash back to 
earlier and cruder dwellings such as caves, 
tents made of animal skins, and buildings 
made of mud, sod, clay, logs, stone, and 
brick. Discuss the different types of roofing 
used for the various dwellings. 

Lead into a study of the types of houses 
used all over the world and point out the 
relationship between shelter and climate. 
Classify the types of houses according to 
areas of climate. Discuss the conveniences 
and inconveniences of each type of home, 


In hot, dry climates 


Start off with the types of houses used 
in hot, dry lands. The desert nomads who 
must carry their homes with them use 
lightweight tents made of cloth or ma- 
terial woven from goat and camel hair. 
Tents provide not only shelter from the 
hot sun but also from sandstorms. Be- 
cause of the stifling heat of the desert, one 
side of the tent is kept open to provide cir- 
culation of air; there may also be a top 
opening. In other arid lands (such as 
Mexico) adobe houses are used. Adobe 
consists of blocks of clay, mixed with straw 
to hold the clay together, baked dry in the 
sun. The thick adobe walls help keep out 
the sun’s heat. In the Congo, grass huts 
are used. These huts look like bowls 
placed upside down. They are covered 
from top to bottom with long grass or fi- 
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bers obtained from bamboo, aoe 
palms, etc. A grass hut is the coolest kin 
of home that people can have, providing 
good protection from the sun's rays an 
excellent circulation of air. — 

Help the children realize that the tyP 
of house depends upon the climate Qa 
the kind of materials and tools that ar 
available. 


In hot, wet climates 


In hot, wet lands grass huts are also 
used. They are placed on long poles yon 
stilts or are built in trees to protect t s 
inhabitants from the damp or mu o: 
ground. This type of home not only in 
vides a suitable and cool shelter but als 


b 
protects the people from floods and a? 
mals. 


In cold climates 


à d 

Two types of homes are used in ie 
lands. In the very far north, the ra 
build snow houses, called igloos, for sts 
ter during the winter. The igloo co” ade 
of a round hut and a tunnel, both m nts 
of blocks of snow. The tunnel onm 
the cold wind from coming into the m 
In the summer when the snow is Fol 
the Eskimos use tents made of an ars 
skins. Farther south, Eskimos and In uses 
live in houses made of earth. These si 
arc half under and half above the a is 
level. The people find that their hous 
warmer if part of it is under the grou” 


In temperate climates 


Houses in U. S. farm lands are usually 
one- and two-story wood frame houses, 
with brick or stone chimneys. A wood 
barn, much larger than the house, stands 
nearby. 

In the cities and suburbs, there are 
many kinds of houses. They may be single 
buildings containing one and two stories, 
or they may be apartment buildings con- 
taining many stories. The houses may be 
made of stone, brick, wood, or combina- 
ons of these three. Many different ma- 
terials are used in building these homes. 
They include concrete, stucco, tile, mar- 
ble, glass, metal, plastics, etc. 

Discuss the many different styles of 
homes. Some of these are the Cape Cod, 
Ranch, Bungalow, Cottage, Georgian, 
Tudor, Colonial, Spanish, Italian, French 
Provincial, and Southern. In many cases 
more than one style is incorporated in the 
Construction. 


WHat MATERIALS WE USE 
© BUILD A HOUSE 


" If it should happen that a house or 
vhartment building is being built in the 
this c. of the school, take advantage of 
Opportunity to have the class learn 
nd a house is built and also what ma- 
als are used in its construction. Make 
Periodic visits with the class at each im- 
iis phase of construction. If such an 
Perience is not available, your local 
bene contractor can be quite helpful. 
< m to visit the class and tell about 
d a house, He may also be able to 
eal Samples of material, pictures, and 
ets showing how a house is built. 
api, ermore, various children may be 
to report to the class about new 
Ouses going up in their neighborhoods. 


The foundation 


The children should be able to tell you 
at a building begins with the foundation. 


WHAT MATERIALS WE USE TO BUILD A HOUSE 


~<a 


A firm foundation is necessary to support 
the heavy load of a house and its contents. 
A deep hole may be dug to serve as a 
future basement. The floor and walls of 
this basement are lined with any one of 
many materials. Concrete is most com- 
monly used because it is very sturdy and 
economical. Concrete is made by mixing 
cement, sand, gravel, and water. The 
cement serves to bind the ingredients to- 
gether. Cement itself is a mixture of lime- 
stone and clay, baked until it forms a hard 
mass. This mass is then ground into a fine 
powder. Have the children observe how 
the workmen mix the concrete and then 
pour it into wooden forms where the con- 
crete is allowed to harden. After it has 
hardened, the wooden forms are removed. 

A heavy wood sill usually completes the 
foundation. This sill is placed in soft mor- 
tar on top of the concrete and then bolted 
so that it cannot slide. It must be set abso- 
lutely level because it is the basis for the 
entire framework of the house. 

Another material used for foundations 
is concrete blocks. These blocks usually 
have open spaces that reduce the weight 
and the amount of concrete needed. These 
spaces reduce somewhat the supporting 
strength of the concrete blocks, but not 
enough to make a difference. Other types 
of materials for basement are natural 
stone, hollow tile blocks, and bricks. 
Bricks and tile are both made from clay 
which is baked. Where the foundation 
must support a very large framework, 
steel beams are used for additional sup- 
port. These beams are usually called 
I-beams because of the shape of their 
cross sections. 

When the basement of the house is to 
be used as a playroom or “den,” asphalt, 
vinyl, or rubber tile is usually laid over 
the concrete base. Your local hardware or 
department store or your contractor might 
give you samples of all kinds of tile used for 
this purpose. 
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Today many houses are being built 
without basements. The upper surface of 
the earth is removed; then a big slab of 
concrete is poured directly on the ground. 
Such items as the furnace, hot-water 
heater, and laundry equipment are then 
put into a utility room, usually located 
next to the kitchen. Have the class dis- 
cuss the advantages and disadvan- 


tages of homes with and with base- 
ments. 


Framework and walls 


Once the foundation is in, a wall frame- 
work is put up. This consists of long pieces 
of wood called “two by fours” because 
they measure roughly 2” thick by 4” 
wide. For large apartment houses steel 
beams or girders are used as framework. 

When the framework is up, the house is 
covered with an outer wall and an inner 
wall. If the house is to be a wooden one, 
first a layer of boards is nailed to the two 
by fours. This layer is called the sheath- 
ing. Sometimes the sheathing is made of 
synthetic materials. Then a layer of heavy 
building paper goes over the sheathing. Its 
purpose is to prevent the air from seeping 
out between the cracks where the sheath- 
ing boards meet, and also from any knot 
holes that may be present. The third layer 
is the one you see when you look at the 
house. This outer layer is called the siding. 
It usually consists of long narrow boards 
which are laid so they overlap. This over- 
lapping helps make the house weather- 
tight. Sometimes wood shingles or asbestos 
shingles are used as an outer layer, An 
aluminum siding which looks like wood is 
also used. 

Other materials are used for outside 
walls. Brick is quite popular. The bricks 
are held together by mortar, a mixture 
of lime, cement, sand, and water. The 
mortar also helps make the brick wall 
weathertight and water-resistant. The 


brick is usually colored red, but many 
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other colors are available. Natural and 
artificial stone is often used instead of 
brick. In many cities, especially in warm 
climates, stucco is used as an outside wall. 
Some stucco is made of cement and sand, 
while other kinds are made of lime and 
sand. The stucco is made up into a thick 
paste with water and then daubed onto 
a wire mesh fastened to the framework of 
the house. This material hardens and 
forms a thick layer over the outside of the 
house. Stucco can be colored any shade 
and seldom needs refinishing. Terra cotta 
is an ornamental building material made 
of clay which is baked. . 

A recent development in wall-building 
is the use of translucent-glass bricks. Each 
brick or block is made from two glass 
boxes sealed together to form a hollow 
block. Air is partially withdrawn during 
its manufacture to insure better insulating 
qualities. y 

The most common type of inside wall Is 
made of plaster. First stiff sheets of wire 
mesh are nailed to the two by fours. Then 
a first coat of rough plaster is put on. This 
rough plaster has the same ingredients 25 
mortar, namely, lime, sand, a little cement 
and water. After this first coat has dried, 4 
second final coat which is quite smooth x 
added. This coat is composed chiefly 9 
plaster of Paris and water, with a mige 
lime. The finished plaster is then eithe 
painted or wall-papered. d 

Plasterboard, a sandwich of cardboar® 
with a plaster filling, is often used for une 
terior walls. Plywood, used for both one 
and walls, is made by binding igi 
with resins thin sheets of wood un t 
heavy pressure and high heat. The won 
of wood are called plies. Collect samP At 
of plywood and have the children aut 
the number of plies. The most ems 
number is three, but plywood with 
and seven plies is readily available. of 

In some homes, panels and var 
costlier wood (mahogany) are used a5 


side walls. Also glass blocks serve as both 
an inside and an outside wall. 


Floors 


The best floors are doubled. First a 
Poorer grade of lumber is laid down. 
Then a top-grade hardwood lumber is 
Placed over the first layer. This lumber 
has a tongue and groove so that it can fit 
very tightly together. Usually long lengths 
of oak are used, but less costly pine is also 
Popular. In some homes the top layer con- 
Sists of small pieces of wood set in a mosaic 
Pattern. Such floors are called parquet 
Min Some of the larger, more ornate 

omes indulge in the luxury and expense 
of marble floors. 
oe common in the kitchen and bath- 
are floors covered with asphalt, rub- 
five’ Composition, or ceramic tile. Often 
€ bathroom floor consists of brick tile. 


The roof 


mart framework construction for the 
S usually two by sixes. On top of 
bent a sheathing similar to that used 

: eben: walls of the house. Then 
stis d à rna part of the roof goes 
used fs sheathing. Various materials are 
Bast. Hi re roof depending upon their 
clay die -cost materials include slate, 
Copper. ? mn such metals as aluminum, 
linge. lead. These materials last in- 

dium and need little or no repair. 
Shingles cost materials include asbestos 
heed a he nie tile, and metal tile. These 
terials in > asa repairs. Low-priced ma- 
gles i ude wood shingles, asphalt shin- 
zinc) (^ piti iron (iron coated with 
Need fre, sometimes just tar paper. These 
Painting ^ replacement, repairs, and 
Fixtures 


Steel ; 

e P . , 

Dm Is used in making nails, bolts, 
; 92-7» Screws, and locks. Gutters and 


Tain Spou B 
ts are made of aluminum, cop- 


PROTECTING A HOUSE FROM THE ELEMENTS 


per, or galvanized iron. Bronze, an alloy 
of copper and tin, is often used for special 
door knobs, locks, and hinges. Cast iron, 
lead, copper, and brass are used in 
plumbing pipes and traps. The heating 
system is usually made of cast iron, steel, 
or sheet metal. Plumbing fixtures may be 
chromium-plated, nickel-plated, or iron. 


PROTECTING A HOUSE 
FROM THE ELEMENTS 


How much heat or cold 
gets through—insulation 


Obtain four large tin cans of equal size 
and four smaller tin cans of equal size. 
The smaller cans should be able to fit in- 
side the larger cans and leave at least 1" 
of space at the bottom and around the 
sides. Obtain rock wool and sawdust 
from the hardware store or lumberyard, 
and ground cork from the supermarket 
or grocery store (grapes and other fragile 
fruit usually come packed in ground cork). 

Now place the four smaller cans inside 
the larger cans (Fig. 20-1). Pack the rock 
wool so that there is at least 1" of this in- 
sulating material around and under one 
small can. In the same manner imbed 
the second small can in ground cork, and 
the third small can in sawdust. For the 
fourth small can obtain two corks about 
1" high. If the corks are too high, cut 
them down to size. Place the two corks 
on the bottom of the larger can and rest 
the smaller can on the corks. This will pro- 
vide an air space around and under the 
small can. 

Cut four squares of heavy cardboard, 
each square large enough to cover the 
larger tin cans. In the center of each card- 
board make a small hole just large enough 
for a thermometer to slip through snugly. 
Now heat water until it just begins to boil. 
Fill each inner can almost full, making 
sure you fill all the cans to the same height. 
Cover each can with a cardboard cover 
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ground cork 


rock wool 


Fig. 20-1 


containing a thermometer. Have the chil- 
dren take the temperature of the water in 
each can every few minutes. Note which 
can of water cooled the slowest and which 
the quickest. List the cans according to 
their rate of cooling, putting the slowest on 
top and the quickest at the bottom. Distin- 
guish the cans by the material in which 
they were packed. The children should 
now realize that the material which made 
the water cool the slowest is the best insu- 
lator, a substance that is a poor conductor 
of heat. Look at the sections of different in- 
sulating material through a magnifying 
glass. 

Help the children understand that, for 
home comfort and economy, it is quite im- 
portant to prevent heat from escaping, 
especially in the winter. The opposite is 
true in the summer, for then heat should 
be kept out. The chief heat passage is 
through the walls and roof. Therefore, it 
is both wise and economical to insulate a 
newly built house. Rock wool is an excel- 
lent insulator. Being fluffy, it traps many 
small air spaces in which the air cannot 
move (“dead air") and therefore cannot 
conduct heat. 

Fluffy rock wool is made up into large 
and thick flat mats or batts which are 
laid over the attic floor and fastened into 
the side walls when the house is being 
built. For older houses already built with- 
out insulation, this rock wool can be 
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sawdust 


Testing insulating materiuls. 


blown into hollow spaces between the 
outer and inner walls. Other materials 
used for insulation are mica, cork pellets, 
and rock wool pellets. Sometimes wall- 
board or mortarboard is used as an insu- 
lator. . 

Point out to the children that good in- 
sulation will not only prevent the heat 
from escaping in the winter, but will also 
keep out the heat during the summer. 

However, it should also be pointed out 
that insulation has one major disadvan- 
tage. Moist air, that is, air containing 
water vapor, gets into the insulating ma- 
terial. When temperature changes occur; 
the water vapor condenses into water 
This water inside the walls and inn 
helps cause decay, and spoils plaster, Wa 
paper, and paint. I 

Recently, thin sheets of bright meta 
(foil) such as aluminum have been use 
as insulation. This thin sheet of metal " 
Put on the surface of some fiberboard sg 
wallboard material, or even on paper. T à 
bright metal surface reflects the ee 
heat waves and thus prevents them e 
passing through the walls, ceilings; 
roof. 

A simple experiment will demonstr x 
this graphically. Obtain a heavy cl 
gular cardboard box. The box shoul um 
large enough to accommodate a pens 
bulb and leave about 2" to spare on €a 5 
side of the box. Have one end of the bo 


ate 


Fi ‘ 
ig. 20-2 Bright shiny metal is a good insulator. 


oi Cut two small holes at diagonally 
Tong corners of the top of the box to 
ye e heated air escape and thus pre- 
2 nt the cardboard from burning (Fig. 

0-2). 
a two small panes of glass, slightly 
S Sri than the side of the box. Cut a 
he! in two opposite sides of the box. 
ise — should be smaller than the 
il i glass. Cut out a piece of aluminum 
its zi same size as a glass pane and glue 
ect. pane at the edges. Make sure the 
and in is pressed closely to the pane 
Pier. im smooth. Now attach both 
owes, glass to the windows, using glue, 
Wei ct or rubber bands. The pane 
" € hien. the aluminum should have 
the bulb. num on the outside, away from 
eur the hot paraffin from a burning 
Surface M b a long tack to the outside 
MI s of each pane. Insert the 60-watt 
Tent and the box, turn on the cur- 
so i note which tack falls off first. 
Sh uch each outside surface to see 
ue is hotter. The pane with the 
Ñe b foil reflects the radiated heat 
Variation b and is therefore cooler. As a 
n the n you can use two panes of glass. 
foil anq "ii ue of one attach aluminum 
cl: o this a tack with paraffin. Stick 
to the other glass pane and arrange 


alu 
oft 


ata 
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the panes of glass equidistant on either 
side of a candle or light bulb. The tacks 
should be pointing away from the heat 
source. The panes of glass can be held 
upright by insertion between books lying 
flat on a table. 

There is also heat loss around doors and 
windows of homes. The children can feel 
cold air coming in by placing their hands 
near the bottoms of outside doors. This loss 
can be overcome by filling cracks around 
the frames of windows and doors with a 
putty-like material such as calking com- 
pound. Cracks between the frames and 
door or window sashes can be closed by 
using weather stripping made of felt or 
thin springy metal. In cold climates storm 
windows help reduce the loss of heat be- 
cause the air space between them and the 
regular windows is a poor heat conductor, 
that is, a good insulator. Storm doors work 


the same way. 


Colors, heat, and comfort 


Color can play a part in the comfort 
of your home. Obtain a tin can. With 
flat, black paint blacken one half of the 
tin can inside and out. Leave the other 
half shiny. With the paraffin from a burn- 
ing candle fasten two long tacks to the 
outside of the can. One tack should be in 
the center of the blackened portion. The 
other tack should be directly opposite in 
the center of the shiny portion (Fig. 20-3). 
Now puta lighted candle inside the can at 
the exact center of the base of the can. 


Fig. 20-3 Dark dull surfaces absorb heat better 
than shiny smooth surfaces. 
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Fig. 20-4 Water in a darkened can becomes 


warmer in the sunlight than that in a light, shiny 
can. 


Note which tack falls off first. Also test 
which surface—the shiny or the black— 
becomes hotter by touching them with 
your finger tips. 

Obtain the tops of two tin cans of 
equal size. Blacken both sides of one of 
the tops with flat black paint. Leave the 
other top shiny. Using spring-type clothes- 
pins as holders or forceps, hold both tops 
equally close to a 100-watt lighted bulb or 
directly in the bright sun’s rays. After a 
while note which to 
quickly. Do this by tou 
your finger tips and b 
of your hand close to 
tops themselves. 


P heats up more 
ching the tops with 
y holding the palm 
but not touching the 


Obtain two large tin cans and a ther- 
mometer. Darken the outside of one can 
by smoking it thoroughly with a candle 
flame. Now fill a glass or beaker with cold 
water from the faucet. Place both cans side 
by side on a table and pour the same 
amount of cold water in each one. Take 
the temperature of the water in each can 
and record the readings. Stand the cans in 
bright sunshine for at least a half hour 
(Fig. 20-4). Then take the temperature of 
the water in each one again and record the 
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readings. The water in the darkened tin 
can will be warmer. : 

The children should now realize ea 
objects with dull, dark surfaces dieci 
and radiate radiant heat better than o a 
jects with smooth, shiny surfaces. Objec : 
with smooth, shiny surfaces reflect radian 
heat very well but are not good absorbers 
or radiators of radiant heat. hat 

Help the children understand t t 
black or dark-colored roofs will vene 
the sun's rays in the summer and rur 4 
houses warmer. On the other hand, ligh 
colored roofs will reflect the sun's rays "a 
thus help keep houses cooler. Some dll 
dren will suggest that dark-colored jd is 
are a help in the winter. While sion 
true, remind them that insulation alre : 
helps keep houses warm in the Winter, E 
the additional heat from a dark-colo y 
roof in the winter is more than oe 
the discomfort produced in the sum di- 

Point out also that dark-colored rà aA 
ators in the home would give out i 
radiant heat than radiators that are t 
vered or painted white. However; e 
people forego this advantage gir 
light-colored radiators seem more at 


Cover to slow 
evaporation 


nt 
differ? 
Fig. 20-5 The effect of radiant heat on 
colors. 


tive to them than the dark-colored ones. 

You may want to show the effect of 
radiant heat on different colors. Borrow 
from a high school science teacher four 
Florence flasks, four one-hole rubber stop- 
Pers to fit the flasks, four 12” lengths of 
glass tubing to fit the holes in the stoppers, 
four beakers, four ring stands, and four 
burette clamps. Paint the bottom and 
round portion of three flasks with different 
colored tempera (washable) paints. Paint 
the fourth flask silver or aluminum. Insert 
a piece of glass tubing in each one-hole 
rubber stopper. Use a twisting motion 
when inserting the glass tubing so that the 
tubing will not break in your hands. Insert 
E tubing so that the end of the tubing is 

ush with the bottom of the stopper. 

OW put a stopper in each flask and 
Support the flask upside down by a bu- 
m clamp attached to the ring stand 
pe 20-5). Fill each beaker almost full of 

water colored with red or blue ink. 
Res either raise or lower the burette 

Mp so that the glass tubing is well into 
the beaker. 
wee four children warm the flasks 
wkd oth hands until the bubbles stop 
NM. out of the glass tubing in the 
tak red water. Then have the children 
* their hands away. In a short while 
€ colored water will rise in each tube. 
m the level of the water in each tube 
bie Wax crayon or by twisting a small 
Ce of wire around the tubing. 
sandas move all four flasks and ring 
alf h, to bright sunlight. After at least a 
Win note which colored water level 
reali own the most. The children will 
red that the darker the paint, the more 
m absorbed. The hotter the flask be- 
and s hotter the air is inside the flask, 
€ farther down this hot air pushes 
* colored water in the glass tubing. 


Fr y 
esh air indoors 


E i z PE z 
he circulation of air in a room is a 
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very important problem in ventilation. A 
ventilation box will show this quite 
clearly. Obtain a wooden or heavy card- 
board box about 20” long, 15” wide, and 
not more than 4-6” deep. Bore three holes 
about 1” in diameter as follows: two holes 
in one end of the box and one hole in the 
top of the box at one side (Fig. 20-6A). In- 
sert three cork stoppers into the holes. 
Paint the inside of the box a dull black. 
Obtain a pane of glass the same size as the 
open end of the box. Your local hardware 
dealer or glazier will supply the glass and 
cut it to proper dimensions. Hammer long 
thin nails part way into each end of the 
box (top and bottom); then bend them 
sideways to the front of the box. These 
bent nails will serve as grooves to keep the 
pane in place. Scotch tape the pane at its 
ends to the box so that the pane will fit 
snugly. 

Now place a small burning candle in 
the center of the box. Remove the bottom 
end cork for a moment and allow some 
smoke to enter the ventilation box. You 
can create smoke with a cigarette, punk 
or joss stick, a smoking facial tissue, or 
paper towel. If the tissue or paper towel 
is used, roll up a piece tightly and light 
it with a flame. After it has burned for a 
few seconds, blow out the flame. As soon 
as some smoke has entered the ventilation 
box, replace the cork stopper and observe 
the pattern in which the smoke moves. 
Two currents will be noticed, in which the 
smoke rises and then falls. These are called 
convection currents. Point out to the class 
that the air next to the flame is heated and 
thus expands, thereby becoming lighter. 
This lighter air floats to the top and is re- 
placed by colder air which flows down to 
take its place. This colder air soon be- 
comes heated, expands, and rises; then it, 
too, is replaced by colder air flowing down 
to take its place. In this way, a convection 
current is set up, and the smoke traces the 
path and direction of this current. Convec- 
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Fig. 20-6 (a) A ventilation box, showing convec- 
tion currents; (b) the effect of ©pening a window at 
the top and bottom in a heated room; (c) the action 
of a draft ina fireplace or furnace with a chimney. 


tion currents are taken up in greater detail 
in Chapter 18. 

Now move the candle over to the end of 
the box Opposite the holes. Allow smoke to 
enter from the bottom end hole for a few 
moments; then replace the cork. Observe 
the convection current set up now. Com- 
pare the action of this current with that set 
up by a radiator in a room. 

Now blow 
the bottom end hole. 
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the same effect as opening a window at the 
top and bottom in a heated room, A con- 
vection current of air is set up which covers 
every part of the room. Thus, a proper cir- 
culation of air is provided. Provide a con- 
tinuous supply of smoke at the bottom end 
hole. 

Call the children’s attention to the fact 
that, wherever possible, radiators are 
placed under windows. In this way the 
cold air which drops down from windows 
passes immediately over the hot radiator. 
The radiator then heats this air and sets 
up a convection current. Thus, the room 
is thoroughly heated; yet there is a con- 
stant supply of fresh air. 

The lien may wish to detect and 
trace convection currents in the room. At- 
tach long narrow strips of very thin paper 

to a stick or yardstick. Thumb tacks will 
serve to hold the strips of paper in place. 
Now place the paper strips over a hot ra- 
diator and notice the direction that the 
strips assume. Repeat the process in differ- 
ent parts of the room and at different 
heights. Use a chair, table, or step ladder 
to reach near the ceiling. 

Study the action of a draft in a fireplace 
or in a stove or furnace with a chimney. 
Fill the ventilation box thoroughly with 
smoke. Then remove the corks at the bot- 
tom end hole and at the hole in the top of 
the box (Fig. 20-6C). Place a glass chimney 
over the hole at the top of the box. B 
chimney is not available, use pieces © 
mailing tube or the hollow tube from 2 
Paper towel roll, about 6” long. Conai 
Supplying more smoke at the bottom en 
hole. Note the direction of the draft or 
convection current in this case. The cold 
air flows in at the bottom while the hot 
air and/or waste gases go up the chimney: 

Proper window ventilation is also illus- 
trated by a convection box made from i 
cigar box. Cut holes in the side to fit smal 
chimneys or glass cylinders. Replace the 
cover with a pane of glass hinged with ad- 
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hesive. Use Sterno (small size) for the heat 
source. Trace convection currents by in- 
troducing smoke first at the upper hole 
and then at the lower hole. Proper ven- 
tilation is attainable only by opening 
windows (sash) at both top and bottom. 
This, of course, does not apply to casement 
windows. 


Keeping water out 


How to keep water from the outside from 
coming through basement walls is often a 
difficult problem. Cement blocks, tile, and 
mortar are all porous. The best way to 
make basements waterproof is to apply 
heavy coatings of asphalt to the outside 
walls. 

Silicones and other plastic resins are 

also good, but they are more expensive 
than asphalt. When these protective ma- 
terials are applied to the outside walls, the 
water runs off the walls smoothly and 
quickly. But when these materials are ap- 
plied to the inside walls, apparently the 
water pushes these materials right out of 
the concrete. 

Sometimes house walls are waterproofed 
on the outside. The materials used in this 
case are wax or fatty oil dissolved in naph- 
tha, kerosene, or benzene. The water- 
proofing material is then applied as paint. 

Ordinary house paints are used to pro- 
tect the wood from the elements. This in- 
cludes water as well. The paint not only 
prevents the water from rotting the wood, 
but helps keep the water out. 

The children may like to test some 
waterproofing materials. Obtain wood 
shingles from the lumber yard and asphalt 
paint or other waterproof paint from the 
paint shop or a painter. Coat some shin- 
gles with the waterproof materials. Com- 
pare the effects of water on waterproofed 
and nonwaterproofed shingles. Obtain 
paraffin wax (clear candles will serve the 
purpose). Use about a quarter of a pound 
of paraffin. Melt the paraffin in an old 


pan over a hot plate on low heat only until 
paraffin turns liquid. (Caution: It is inflam- 
mable.) In another pan heat a pint of water 
nearly to boiling." Then, stirring vigor- 
ously, add the melted paraffin slowly to 
the hot water. Remove the pan containing 
the mixture from the hot plate and con- 
tinue stirring while the mixture is cool- 
ing. 

With a brush, coat a piece of paper, 
cardboard, or fiberboard on the side which 
is to be in contact with water. Place this 
paper in the oven set at a temperature of 
125° (the melting point of paraffin). Keep 
the paper in the oven for a very short time, 
just long enough for the wax to coalesce 
into a continuous film. No matter how 
long you expose this surface to water, the 
material will be waterproof. 


Protecting against fire 


Fire is a constant hazard, especially 
with homes. You might like to collect vari- 
ous building and roofing materials and 
test them with a flame for their ability to 
burn. Let children decide which are fire- 
proof, or inflammable. Point out how fire- 
proof materials are made of stone, brick, 
tile, slate, clay, plaster, and metal. Note 
the fire-resistant qualities of asphalt, mica, 
rock wool, and porcelain. 

Fireproof paints usually contain water 
glass (sodium silicate). This chemical may 
be obtained from your hardware store, 
paint store, or chemical supply house. 
Paint a strip of wood with at least three 
coats of water-glass solution. Allow each 
coat to dry before the next one is applied. 
When the last coat has been applied and 
is dry, hold the stick over the flame of a 
Bunsen burner or a gas range. The coat- 
ing will swell, and a froth will form, but 
the wood does not burn. 

Methods of fireproofing paper and cloth 
have already been described in Chapter 


Tis 


PROTECTING A HOUSE FROM THE ELEMENTS 335 


CAPSULE LESSONS 


20-1 Have the children make a list of the 
materials used to build a house. Lead into a 
study of different kinds of‘nouses and the materi- 
als used to build them. 

20-2 Make a list of the different provisions 
made when building a house to prevent heat 
loss. Lead into the study of insulation and insu- 
lating materials. 

20-3 Have the children describe those con- 
ditions which they think make for ideal weather. 
They should include a temperature a little over 
70° F, air that is neither too moist or dry, a good 
circulation of air, and air that is free from dust. 
Point out how we try to duplicate these condi- 
tions in the home. Have the pupils name and 
study the different parts of the home that help 
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maintain comfortable weather conditions in- 
doors. 

20-4 With long strips of thin paper attached 
to a stick, explore the air currents rising above a 
radiator. Also investigate air currents at the top 
and bottom of an open window, and at different 
levels and parts of the room. Lead into the study 
of convection currents, proper ventilation, and 
good circulation of air in a heated room. 

20-5 Discuss the problem of water in the 
basement, and study ways and means of pre- 
venting water from entering a house. 

20-6 Have a member of the Fire Depart- 
ment speak to the class on home fire hazards and 
how to prevent them. Lead into a discussion of 
fireproofing materials for the home. 


Case, Bernard, The Story of Houses, Sterling, 1957. 
Describes different kinds of building materials 
used in houses, and their functions. 

Godspeed, J. M., Let’s Take a Trip to Watch a 
Building Go Up, Putnam, 1956. Simple de- 
scription of how a house is built and the mate- 
rials used in building it. 
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Magnets and magnetism 


NATURAL MAGNETS : 


Natural magnets, found in many parts 
of the world, may be purchased at any sci- 
entific supply house. Your high school 
physics teacher can help you order one. 
The natural magnet resembles a dark-col- 
ored rock and contains magnetic iron ore. 
Tt is usually called “lodestone” or “magne- 
tite,” said to have been named by shep- 
herds in a part of Asia Minor called Mag- 
nesia. 

Iron filings, excellent for investigating 
the properties of magnets, may also be 
purchased from the scientific supply house 
in a convenient shaker-type container. 
However, you may want to make your 
own iron filings. Obtain a piece of soft iron 
(not steel) from a machine shop or scrap 
metal dealer. Clamp the iron firmly in a 
vise and file it with a medium-coarse file. 
The finer the filings, the better they be- 
have in the presence of magnets. A power- 
grinding wheel produces the best filings 
and does the job very quickly. If you know 
à person who works in a machine shop, he 
Can get you as many filings as you need. 
(Aluminum filings, of course, are useless. ) 
Make sure the filings are free of oil and 
grease; wash them in detergent and dry 
in a pan on a stove. Put the filings in a 
Salt shaker whose cap has good-sized holes. 

Pour some iron filings on a sheet of 
Paper. Try picking up the filings with the 
natural magnet. Repeat the experiment, 


using finely cut pieces of steel wool, iron 
tacks, and paper clips. 


ARTIFICIAL MAGNETS 


Artificial magnets, usually made of 
hard steel, come in different shapes. Bar 
magnets can be rectangular bars or round 
rods. Other magnets are horseshoe- and U- 
shaped. The most powerful magnets, al- 
nico, contain not only steel but also quan- 
tities of aluminum, nickel, and cobalt as 
well. (The word “alnico” contains the first 
two letters of the three metals other than 
steel.) These metals are made not only in 
all the forms described above but also as 
circular disks. 

You can obtain magnets from old radio 
and hi-fi speakers, from old telephone re- 
ceivers, and from old automobile speed- 
ometers. Your ten-cent store sells them as 
horseshoe magnets or as tiny bar magnets 
in magnetic trays, etc. 

Using artificial magnets, try picking up 
iron filings, contents of children's pockets 
or desks, cut steel wool, iron or steel tacks, 
and paper clips. Let the children note the 
force which holds the objects to the mag- 
net, and how hard they have to pull to 
take the objects off the magnet. The force 
which holds objects to the magnet is called 
magnetic attraction. To show that magnetic 
force is a mutual attraction, use an iron nail 
to pick up a magnet. 
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Fig. 21-1 Suspending a paper clip in mid-air. 


WHAT WILL MAGNETS ATTRACT? 


Collect a wide variety of materials. A 
likely group would include thumbtacks, 
needles, pins, paper clips, toothpicks, a 
penny, a dime, a gold ring, brass paper 
fasteners, rubber bands, sand, and bits of 
glass, leather, cloth, paper, aluminum, 
and tin foil. Now test each object with a 
horseshoe magnet and see which ones the 
magnet will attract or pick up. Make a 
chart of two columns, one column of those 
objects which the magnet picked up and 
one of those objects the magnet did not 
Pick up. Such a list motivates reading with 
young children. Point out to the children 
that all the objects that were picked up by 
the magnet were made of metal. Yet the 
magnet did not pick up the copper penny, 
the silver dime, the gold ring, and the 
brass paper fasteners, If any of the other 
objects were made of brass, the magnet 
also did not pick them up. 

Now have the child 
of objects which the 
"They should begin to 
jects have one thing in common, They all 
contain iron or steel, The children may 
then arrive at such conclusions as (1) mag- 
nets will not pick up nonmetals, and (2) 
magnets will pick up only certain m 


ren examine the list 
magnet did pick up. 
see that all these ob- 


etals, 
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such as iron or steel. Magnets will also 
pick up nickel or cobalt. A Canadian 
nickel will be picked up by a magnet be- 
cause it is nearly pure nickel. American 
nickels contain too much copper. 

See if the object will attract a “tin” can. 
A tin can is really made of sheet steel with 
a coating of tin. 


Magnets attract through nonmagnetic 
materials 


Bring a magnet gradually closer to =“ 
filings or thumbtacks. Notice how the fil- 
ings or tacks do not wait until the magnet 
touches them before they are attracted or 
picked up. They jump through the air and 
cling to the magnet. 

You may find it convenient to make 
wooden magnet stand. Obtain a piece o 
soft wood or plywood about 12” ne 
and %” thick. Also secure three sticks o 
soft wood or plywood. Cut two sticks 3 
8” long, 2" wide, and %” thick. TAA 
third stick should be 12-15” long, 2 
wide, and %” thick. Using screws, make 
the sticks into a U-shape (Fig. 21-1). Now 
attach one side of the U to the wooden 
Square with screws. You can make a tem- 
porary stand by hanging the magnet iy 
a ruler held in place by a stack of boo 
above and below it. à 

Suspend a horseshoe magnet by n 
thread from the top of the magnet stan : 
Loop a piece of thread around the poin 
of a thumbtack and press it into the e: 
of the magnet stand directly underneat 


Fig. 21-2 A magnet stand. 


e 


the magnet. Tie a paper clip to the other 
end of the thread. Bring the clip up to the 
magnet so that it is about 1⁄4” away from 
the magnet (Fig. 21-2). The paper clip 
will be suspended in air and seem to defy 
gravity. The magnetic attraction passes 
through air and is able to overcome the 
force of gravity. This can also be done 
without a stand. 

On a pane of glass supported by two 
piles of books place some iron filings or 
thumbtacks. Move a magnet about 
against the underside of the glass. The fil- 
ings or tacks will move around with the 
Magnet. Repeat the experiment, using 
thin sheets of cardboard, wood, cloth, and 
aluminum foil. 

Attach an iron nail with adhesive tape 
to the underside of a very small plastic 
auto with wheels that turn. Place the auto 
On the sheet of glass or cardboard. Hold 
the magnet underneath the glass and 
make the auto move. A drop of oil be- 
tween the wheels and axle will help the 
auto move more easily. 

Into an aluminum pan or Pyrex dish 
Pour just enough water to permit a cork 


. Stopper to'float freely. Attach a thumb- 


tack to the underside of the cork stopper 
to counterbalance or stabilize. Now hold 
the- magnet underneath the pan or dish 


- and make the cork move. 


Place a thin sheet of iron on the books. 
ut some iron filings or thumbtacks on the 
Sheet of iron. Move the magnet under- 
neath the iron sheet. This time the filings 
Or tacks will not move. The sheet of iron 
Prevents the magnetic force of the magnet 
from attracting the filings or tacks. Be- 
Cause iron is easily affected by magnetic 
force, the sheet tends to short-circuit the 
Magnet. Thus the magnetic force of the 
Magnet travels into the sheet of iron and 
directly back into the magnet. For this 
reason, the filings or tacks are not affected 
by the magnet. 'The children should con- 
clude that magnetic force will pass through 


nonmagnetic materials but not through 
(magnetic) materials, like iron, which at- 
tract magnets. 
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HOW DO MAGNETS BEHAVE? 


The strength of a magnet is located at its 
poles 


Sprinkle some iron filings or thumb- 
tacks evenly on a cardboard or glass pane. 
Now lay a bar magnet on the filings or 
tacks and then lift the magnet. 

The filings or tacks will be clustered at 
the ends of the magnet. These ends are 
called the poles of the magnet, one end be- 
ing the north and the other the south pole. 
( To identify the poles, suspend the mag- 
net by a thread from a stand. The end 
pointing north is the north pole.) Repeat 
the experiment, using a horseshoe or a U- 
shaped magnet. In the case of a lode- 
stone, you will find it has many poles. 


Attraction and repulsion of poles 


Suspend a bar magnet with a strong 
thread from the top bar of a magnet stand. 
You may also hang it from a ruler inserted 
into a pile of books. A double loop of cop- 
per attached to a thread, as in Fig.21-2, is 
one effective way to suspend a magnet. 
When the magnet comes to rest, bring the 
south pole of another bar magnet close to 
the north pole of the suspended magnet. 
Do the reverse. ' 

The class should soon be able to dis- 
cover the basic law of magnetic attraction 
— namely, that unlike poles attract each 
other while like poles repel each other. 

Obtain two strong alnico bar magnets 
and lay them on the table. Have the chil- 
dren take turns pushing unlike poles to- 
gether and then like poles together. Note 
the way the unlike poles seem to rush to 
each other. Also note the way the like 
poles push and resist or repel each other. 
With strong magnets it is very difficult for 
the children to push two like poles to- 
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brass nails 
E. 


Fig. 21-3 Making one magnet "float" above an- 
other magnet. 


gether. The experiment can also be done 
with ordinary steel bar magnets, but the 
effects are not so pronounced. 

Place one strong magnet upon another 
so that the north pole of one is on top of 
the north pole of the other. This also 
brings both south poles together. Hold the 
magnets firmly in place with your fingers. 
Now release the fingers suddenly. Watch 
how the top magnet will spring high into 
the air because of the repulsion between 
the like poles of the magnets. 

If you can obtain circular rod magnets 
you can make one rod move quickly to- 
ward or away from you. The direction 
will depend upon whether the like or un- 
like poles of the magnets are facing each 
other. 

Obtain a rectangular piece of plywood 
about 12" x 6” x 14” Drive four long 
brass nails into the board, two on each 
side so that the nails will hold a bar or cy- 
lindrical magnet in place (Fig. 21-3). If 
long brass nails are unavailable, punch 
four holes in the Plywood with a nail. 
Make the holes about the same diameter 
as a match stick. Insert match sticks into 
the holes, first smearing the ends with 
some glue. 

Now place one magnet between the 
nails or match sticks. Then Place a second 
magnet on top of the first, with the like 
poles facing each other. T 


he top magnet 
will be repelled and will 


“float” on air. 
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Repeat the experiment so that the unlike 
poles of both magnets face each other. 

The experiment works best with short 
strong magnets, either bar or cylindrical. 
The brass or wooden pegs help prevent 
the repelled magnets from turning around 
so that they will attract each other. Tron 
nails will spoil the effects of the experi- 
ment because of their response to the mag- 
netic force of the magnets. 


Pictures of a magnetic field 


Place a sheet of white cardboard or a 
pane of glass over a bar magnet. Sprinkle 
iron filings from a salt shaker on the card- 
board or glass. The filings should be sprin- 
kled from a height of about 8-12”. Now 
tap the cardboard or glass gently, or jar 1t 
by pounding the table top with your fist. 
The filings will arrange themselves in a 
definite pattern. 

Call the children's attention to the mag- 
netic lines that are formed. The lines are 
thick at the poles where the magnetic 
force is greatest. The lines are thin near 
the center of the magnet where the mag- 
netic force is weakest. These lines which 
the iron filings follow are called lines of 
force. Lines of force themselves are actu- 
ally invisible, We are able to identify e 
locate these lines only when magnetize 
metal is brought in their midst. They rep- 
resent the strength and direction of the 
magnet's force, 

Repeat the experiment, using a horse- 
shoe or U-shaped magnet. Note the pe | 
concentration of filings about the nort 
and south poles. ith 

Put two bar magnets on the table wit 
the north pole of one about 1'4" away 
from the south pole of the other. Cover the 
magnets with white cardboard or a pane 
of window glass. Sprinkle iron filings vm 
the cardboard or glass where the hone 
poles are facing each other. Tap the car 
board or glass gently to set the filings in 2 


Pane of glass 


Fig. 21-4 (a) Lines of force between unlik 
9n glass panes. (From General Science Han 
(b) Detail of patterns of filings at the po 


definite pattern. Note the pattern of the 
lines of force showing the attraction be- 
tween the unlike poles. 

Repeat the experiment with two like 
Poles about 114” from each other. Note 
the pattern of the lines of force showing 
the repulsion between: the like poles (Fig. 


, You may want to make a permanent 
Picture of these magnetic fields. Obtain a 
Piece of blueprint paper. Lay it on a 
Square of cardboard or a pane of glass. 
Place this combination over one or two 
bar magnets. Decide which patterns you 
Want; then sprinkle iron filings on the 


V 


LESAN 


e poles and between like poles, demonstrated with iron filings 
dbook, Part Il, New York State Education Department, 1952.) 
les. (Bell Telephone Laboratories.) 


blueprint paper. Place the blueprint paper 
and cardboard in direct sunlight and let 
it stand for 10 minutes or more (or use 
two 100-watt bulbs for a longer period). 
Be careful not to jar the pattern of the iron 
filings. Remove the filings and wash the 
blueprint paper in water. The pattern 
created by the filings will appear white. 
Ozalid paper will produce a brown and 
white pattern. If photographic contact 
paper is used, expose for 1 minute and 
then develop (see Chapter 12). If the 
magnetic field is made on stiff paper, it 
can be sprayed with clear lacquer from a 
spray pressure can to give a permanent 
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pattern of the field outlined by filings. 
Another method of making a perma- 
nent picture of magnetic fields is to melt 
candle wax or paraffin in a cookie tin. 
Heat slowly. While the wax or paraffin is 
liquid, dip sheets of paper in it. Then take 
the paper sheets out and allow them to 
cool until the wax or paraffin on them 
hardens. Or ordinary kitchen wax paper 
works almost as well. Place the coated 
paper on cardboard. Underneath the 
cardboard place a magnet or magnets to 
obtain the pattern you want. Pour iron fil- 
ings on the coated paper and tap the card- 
board gently. Carry the cardboard and 
waxed paper carefully to a heated radi- 
ator or electric hot plate turned on low. As 
the coated paper warms, the paraffin will 
soften, allowing the iron filings to sink into 
it. Cool the paper, and a permanent pic- 
ture of the magnetic field is produced. 


MAKING TEMPORARY MAGNETS 


Place some tacks (or paper clips, pins, 
nails, etc.) on a table. Touch one of the 
tacks with a horseshoe magnet and bring 
this tack to a second tack. The second tack 
will be attracted to the first tack. See how 
long a string of tacks you can make. Re- 
move the horseshoe magnet. All the tacks 
fall off and separate. The tacks become 
magnets only when the horseshoe magnet 
holds the first tack. As soon as the magnet 
is removed, the tacks lose their magnet- 
ism. The tacks are said to be magnetized 
by induction and are called temporary 
magnets. 

From a hardware store 


À obtain a large 
Soft iron nail. 


Hold this nail about 1⁄4” 
away from the bottom of one leg of a 
strong U-shaped magnet. While holding 
the nail in this position, let the tip of the 
nail touch a pile of tacks on the table. 
Some of the tacks will cling to the tip of 
the nail. The nail, temporarily magnet- 
ized by induction, picks up the tacks. Now 
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remove the horseshoe magnet. The nail 
loses its temporary magnetism, and the 
tacks will fall off. (Some steel nails may re- 
main slightly magnetized.) 


MAKING PERMANENT MAGNETS 


Obtain a large soft iron nail and a steel 
knitting needle. Test each one to see if it 
will pick up iron tacks. Stroke first the 
nail and then the knitting needle with one 
end of a bar magnet. Stroke each one 40 
times, being careful to stroke in only one 
direction and to lift your hand between 
strokes. Now test each one again to see if 
it will pick up the tacks. Both will behave 
as magnets. See how many tacks each one 
will pick up. Put the nail and the needle 
away for a day; then test them again for 
magnetism. See how many tacks each one 
will pick up now. Although iron is easily 
magnetized, it loses its magnetism just a$ 
easily. Steel is more difficult to magnetize, 
but its magnetism is permanent. Try mag- 
netizing the blade of a pocket knife, a file, 
or a pair of scissors in this way. A 

Obtain a hacksaw blade or a steel knit- 
ting needle. Stroke the blade or needle 
With one end of a bar magnet. However; 
this time slightly change the stroking pro- 
cedure. Let the north pole end of the mag- 
net stroke from the center of the blade oF 
needle to one end of the blade or needle- 
Be careful to stroke from the center to the 
end only, lifting your hand between 
Strokes. Stroke this way for 40 times. 
Make a chalk mark on the end of the 
blade or needle denoting that this end was 
stroked by the north pole of the magnet 
Now with the south pole end of the mag- 
net, stroke from the center to the other 
end of the blade or needle. Do this for 
40 strokes. Make a chalk mark on the 
end of the blade or needle showing that 
this end was stroked with the south pole 
of the magnet. 

Now suspend the blade or needle from 


‘a magnet stand. Bring the north pole of 
a magnet first to one end of the blade or 
needle, then to the other end. The end of 
the blade or needle which is attracted to 
the north pole of the magnet is the south 
pole of a newly formed magnet. How- 
ever, be sure the children see that the end 
of the blade or needle that was stroked by 
the north pole of the magnet has become 
a south pole. Similarly, the end that was 
stroked by the south pole of the magnet 
has become a north pole. Test the hack- 
saw blade or knitting needle with tacks 
or paper clips for magnetism. 

Magnetize three steel sewing needles in 
the same way so that you produce in each 
needle point a north pole and in each eye 
a south pole. Now slice thin disks of equal 
Size from a cork stopper. Push the needles 
through the cork disks. Place them in a 
large glass or plastic dish of water (Fig. 21- 
5). The dish should have sloping sides. 
Float all three with the points up. The 
Corks will all repel each other. Now re- 
Verse one needle so that it floats with its 
Point down. It will be attracted to the 
other needles because of the relationship 
of like and unlike poles. 


Making permanent magnets 
With electricity 


Children are usually interested in 
Watching a steel object such as a nail file 
or knife blade become permanently mag- 
netized. Wind insulated copper wire of 
any kind about a narrow cardboard tube. 
A mailing tube or the tube inside a roll of 
Paper towels will do. 

Wind about 100 closely wound turns of 
the wire around the cardboard tube. Have 
the ends of the wire lead to the terminals 
Of a dry cell, but do not connect the wires. 

"lace the steel object to be magnetized in- 
Side the tube. Try to keep the object inside 
the area covered by the turns of wire. Now 
touch the two end wires to the terminals 
9f the dry cell for only 1 or 2 seconds 


Fig. 21-5 Like poles repel each other; unlike 
poles attract each other. (From General Science 
Handbook, Part Il, New York State Education De- 
partment, 1952.) 


(no more). Test the (magnetized) object 
for magnetic attraction on some iron or 
steel tacks. 

If the magnetized object is made of 
hard steel, it will remain a (permanent) 
magnet. However, if the object is made 
of soft iron, it will gradually lose its mag- 
netism. 


DEMAGNETIZING 


Magnetize a steel knitting needle and 
note how many tacks it will pick up. Now 
hold the needle with a pair of pliers in a 
flame until it is red hot. Heat the needle 
for quite some time. Now let the needle 
cool and test it again to see how many 
tacks it will pick up. Some of the mag- 
netism has been lost because of the heat- 
ing. If you could get the needle hot enough 
and heat it long enough, it would lose all 
its magnetism. 

Magnetize another knitting needle and 
note again how many tacks it will pick up. 
Now pound the needle with a hammer or 
strike the needle repeatedly against a 
solid object. Test the needle again to see 
how many tacks it will pick up. Jarring 
the needle caused it to lose some of its 


magnetism. 


Caring for magnets 


Unless properly cared for, magnets 
will gradually lose their magnetizing 
power. To keep a horseshoe or U-shaped 
magnet strong, a small flat piece of iron 
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Magnetized 


Fig. 21-6 Molecules in unmagnetized and mag- 
netized materials. (From R. Brinckerhoff et al., Ex- 
ploring Physics, Harcourt, Brace & World, 1959.) 


is placed across the poles of a magnet. 
This piece of iron is called a keeper. If 
you do not have a keeper, an iron nail 
will serve as a substitute. Usually bar 
magnets come in pairs. When you put bar 
magnets away, place them side by side 
with the north pole of one magnet next to 
the south pole of the other. 

Be careful not to jar your magnets by 
pounding or dropping them. Never put 
your magnets into a fire or keep them in 
a hot place such as next to a radiator. 


WHY MAGNETS BEHAVE AS THEY DO 


The children are bound to wonder why 
magnets behave the way they do. Scien- 
tists believe that each atom (or related 
groups of atoms called domains) which 
makes up magnetic materials acts like a 
magnet. Every atom (or domain) is a 
tiny magnet with north and south poles. 
Ordinarily, these magnetized particles are 
arranged every which way, that is, in no 
definite order. Consequently, the north 
and south poles of these particles, being 
randomly oriented, neutralize each other's 
force. 


However, when a piece of iron is mag- 
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netized, many of the particles (in reality, 
millions of tiny magnets) shift so that a 
large number of the north poles point in 
one direction and the south poles in the 
opposite. The more particles which do 
this, the stronger the magnetism (Fig. 
21-6). Make a rough sketch or diagram 
on the blackboard. Let children observe 
the diagram carefully and observe why 
one end of the magnet is a north pole and 
the other end a south pole. The free north 
and south poles at each end of the magnet 
also explain why the magnet's force n 
strongest at its poles. This realignment 0 
the particles in a piece of iron can be 
brought about by stroking the iron with t 
magnet, inserting the iron inside a coil o 
wire carrying an electric current, ar 
tapping or stroking the iron when it 1s 
placed in a magnetic field and the iron ^ 
lined up with that field’s north and sout 
poles. 

Fill a small vial, test tube, or even gla 
toothbrush tube about three fourths e 
of hard steel filings. Stopper the vial an i 
hold at an angle of 45°. Stroke the io 
20-30 times with the pole of a strong mae 
net. Be sure to stroke the vial always in t 
same direction, and be most careful not ei 
Jar the filings in the vial. Now bring 
compass near each end of the vial e 
test it for polarity. The filings uos 
arranged themselves in a defin! " 
order, and the entire vial behaves like 
magnet. 

Now shake the vial vigorously and ka 
bring the compass near each end y n 
The filings are rearranged in all dir t 
tions, and the vial has lost its magnets 
and polarity. 

Secure a narrow strip of heav 
board or wood at least 18” long. 
netize six sewing needles by strokin: 
with the pole of a strong magnet- 
piece of thread about 12" long aroun ees 
middle of each needle. Suspend the art 
dles from the cardboard about 3” aP 


d- 

y car 
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so that the needles swing freely and hori- 
zontally in space. The needles will thus 
be arranged in random order and point 
in all directions. Now move one pole of a 
strong bar magnet underneath the nee- 
dles. Always move the bar magnet in one 
direction. The needles will line up in a 
definite order and all point in one direc- 
tion. 

Magnetize a knitting needle at least 
10" long by stroking it repeatedly with a 
pole of a strong bar magnet in the same 
direction. A hacksaw blade or a piece of 
steel clock or watch spring will do just as 
well. Bring a compass needle near each 
end of the needle and test the needle for 
polarity. Mark the poles with chalk. At 
the same time test the middle of the nee- 
dle with tacks for magnetism. Now cut 
the needle at its center with cutting pliers. 
Test each end of the two pieces for mag- 
netism and polarity. Cut these two pieces 
at their center with cutting pliers. Again 
test each end of all four pieces for mag- 
netism and for polarity. Each time the 
needle is cut, two new magnets are 
formed. 

These experiments seem to substantiate 
the scientists’ theory of magnetism. This 
theory also serves to explain why heating 
or jarring magnets will make them lose 
their magnetism. The jarring and heating 
Serve to break up the definite order in 
Which some of the basic particles have 

een arranged. 


USING A COMPASS 


Obtain a compass from a local Army 
Surplus or variety store. Or borrow one 
from a Boy Scout or high school physics 
teacher. Examine the compass carefully. 
The case is usually made of brass. Why? 
The card has printed letters on it stand- 
ing for the directions, N, E, W, S (which 
Spells NEWS). The compass needle is 
usually diamond-shaped. The half of the 


needle that points toward the north is 
usually colored so that it can be identified 
easily and quickly. 

To use the compass, hold it flat in the 
palm of your hand, keeping the compass 
as level as possible. The colored end of the 
needle will point north. In order to locate 
the other directions easily, turn the case of 
the compass around until the letter N is 
directly under the colored end of the nee- 
dle. Now you know approximately where 
north, south, east, west, and their inter- 
mediate points are located. To know ex- 
actly, you must know the compass deflec- 
tion for your area. Magnetic north and 
true north are rarely the same. 

A compass needle is magnetized. You 
can prove this by bringing a bar magnet 
near the compass (do not touch the com- 
pass case with the magnet). The north 
pole of the magnet will repel the north 
pole of the compass needle and attract 
the south pole of the compass needle. The 
north pole of the compass needle is usually 
called the north-seeking pole. 

Lay a bar magnet on the table. Move a 
compass around the magnet. Notice how 
the direction of the compass needle 
changes as you move it around the bar. 
As long as the needle is in the magnetic 
field of the bar magnet, the needle always 
points toward the nearer pole of the mag- 
net. Have the children compare the posi- 
tions of the compass needle as it moves 
around the magnet with the positions the 
iron filings assumed around a magnet. 
The children should soon realize that a 
compass needle in a magnetic field points 
in the same direction as the lines of force 
in the magnetic field. 

A compass needle enables you to de- 
termine the unmarked poles of a magnet. 
Magnetize a steel knitting needle or hack- 
saw blade. Let the children bring the knit- 
ting needle or hacksaw blade near 
the compass and find out what the poles 
are. 
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North Pole 


[Nol 


Fig. 21-7 A model earth magnetic globe. 
THE EARTH AS A MAGNET 


Why does a compass needle always 
point to magnetic north? (The north mag- 
netic pole is above Hudson's Bay in North- 
ern Canada, approximately 73° 35’ N. 
lat., 92* 20’ W. long.) Scientists say that 
the earth itself is a magnet, behaving just 
as if there were a huge magnet inside it 
running north and south. (The south 
magnetic pole is at approximately 70° S, 
lat., 148* E. long.) Asa result, the earth 
is able to magnetize objects. Secure a steel 
rod about 2’ long. A solid iron curtain rod 
will do. Take a small magnet with you to 
test to see that it is steel when you buy it. 
With a compass find out which direction is 
north. Now hold the iron rod ina 
netic north-south position, i.e., 
to the direction of a compass 
Tilt the rod at the angle of magn 
for your area. (To learn how to de 
this, see below, "Making a Dipping Nee- 
dle.”) A tilt of 65? is a rough approxima- 
tion which will serve for many areas in the 
United States. Strike the end of the rod 
Sharply a few times with a hammer. The 
rod will be magnetized slightly. Test the 
rod with a compass. The upper end of the 
rod will be a south pole and attract the 
north-seeking end of the compass needle, 
The lower end of the rod Will be a north 


pole and attract the south-seeking end of 
the compass needle. 


mag- 
Parallel 
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termine 


346 MAGNETS AND MAGNETISM 


If you would like to reverse the poles 
of the iron rod, just turn the rod around 
and tap it again. To demagnetize the rod, 
simply hold it in an east-west position and 
strike it sharply a few times with the ham- 
mer. . 

Many iron and steel objects which 
stand vertically may be magnetized by 
the earth's magnetism. Have the children 
bring a compass near steel pipes, steel 
lamp stands, steel fence posts or rails, steel 
bridges, to see if they are magnetized. Test 
them at both ends to check their magnetic 
poles. 

Recall the experiment where you 
showed that magnetic force would not 
pass through magnetic materials like iron 
and steel. The children should then be 
able to explain why a compass case 1S 
usually made of a nonmagnetic material 
like brass. The earth's magnetic p 
would never reach the compass needle 1 
the case were made of iron or steel. 

To make a model earth magnetic globe 
take a small (6" diameter) cardboard or 
plastic globe and insert a bar magnet with 
the south pole up (Fig. 21-7). Orient so 
that the top (south pole of the magnet) 
emerges near the upper end of Hudson's 
Bay, and the bottom (north pole en 
magnet) emerges near the Antarctic 4 
70° S. lat., 148° E, long. Then place rai 
passes at different positions on the glo e 
and notice how the compass needles line 
up with the lines of force. It may be nec 
essary to tilt the globe at times. 


The poles—magnetic and true 


At some time you will want to pon 
Out that magnetic north and true nor 
differ. The magnetic north pole is locate 
in northern Canada above Hudson’s e 
at approximately 73? 35' N. latitude; 3 
20’ W. longitude. The magnetic sou : 
pole is located near Antarctica, at a 
proximately 70° S, latitude, 148° E. lon 
gitude. 


Since a compass needle points to the 
magnetic north pole, it does not really tell 
you exactly where true north is. Thus, the 
compass needle is in error. The angle be- 
tween true north and the direction in 
which a compass needle points is known as 
magnetic declination. This angle varies at 
different parts of the earth. 

Locate the north magnetic pole on a 
globe and then estimate the angle of dec- 
lination for your area. The angle may be 
determined by drawing two lines: one 
from your area to the true North Pole, and 
one from your area to the magnetic north 
pole. 


Why the compass north pole points north 


The children, having learned that like 
poles repel each other, will wonder why 
the north pole of a suspended bar magnet 
Points to the north magnetic pole. This 
also holds true for a compass needle, 
where the north pole of the needle points 
to the north magnetic pole. 

Point out that when men first learned 
about magnets and their poles, they called 
the pole that pointed to the north the North 
Pole. This was before they learned that 
the earth behaved as a huge magnet. 
This later created a problem. If the earth 
behaves as a magnet, then it is logical to 
assume that the earth’s north magnetic 
Pole is in the north, and its south mag- 
Netic pole is in the south. 

Therefore, if the north pole of a sus- 
Pended bar magnet or a compass needle 
Points to the north magnetic pole, it must 
really be a south pole. But we have be- 
come accustomed to calling a pole that 
Points to the north a north pole. And it 
Would create much confusion now to 
change the names of the poles of our mag- 
nets. We compromise by calling a north 
Pole of a magnet a north-secking pole, 
and the south pole of a magnet a south- 
Seeking pole. 


MAKING A COMPASS 


Children usually like to make their own 
compasses. Magnetize a steel knitting nee- 
dle or hacksaw blade by stroking with a 
bar magnet. Remember to stroke one half 
of the needle or blade with the north end 
of the magnet at least 40 times. Then 
stroke the other half of the needle or blade 
with the south end of the magnet 40 
times. Always stroke from the middle to the 
end of the needle or blade. You can also 
magnetize with an electromagnetic coil, as 
described earlier in this chapter. With a 
thread suspend the magnetized needle or 
blade from the magnet stand. Suspend it 
so that it is free to move about. The mag- 
netized needle or blade will soon come to 
rest in a north-south position. Have the 
children check this position with a com- 
pass. Be sure not to bring the compass too 
near the magnetized needle or blade. 

A horseshoe or U-shaped magnet can 
also be made to act as a compass. Make 
a stand from a piece of wood 4” square 
and %-1” thick. Hammer a long thin 
nail through the center of the block and 
file a fine point on the nail. A well- 
sharpened pencil glued upright in a hole 
makes an even better support since the 
graphite of the pencil lead acts as a lu- 
bricant. Place the horseshoe or U-shaped 
magnet on the point of the nail or pencil 
so that it balances (Fig. 21-8). The mag- 


Fig. 21-8 Making a horseshoe magnet act like a 
compass. 
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net will slowly turn until it is in a north- 
south position. It should now be quite 
clear to the children that a compass is no 
more than a small magnet. 

Columbus used a simple floating com- 
pass when he discovered America. Mag- 
netize a large sewing needle as described 
above. Cut a flat circular disk from a 
cork stopper. Push the needle through the 
cork so that it is perfectly horizontal (see 
Fig. 21-10). Place the cork on the surface 
of some water in a paper nut cup with slop- 
ing sides. Be sure to keep the cork and nee- 
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Fig 21-10 How magnets make 


electric motors 
spin. 
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Fig. 21-9 A cardboard compass. 
(From UNESCO Source Book for Sci- 
ence Teachers, UNESCO, 1956.) 


die away from the sides of the dish. The 
needle will point north and south. As a 
variation you can float the needle inside 
a milk straw. 

If you like, you may accomplish the 
same effect without using the stopper or 
straw. Simply grease the magnetized sew- 
ing needle slightly with shortening, Vase- 
line, etc. Then, holding the needle hor! 
zontally 2-3" above the surface of wes 
water, lower the needle carefully an 
gently onto the water. The surface tension 
of water will keep the needle afloat. "The 
needle will assume a north-south position- 

You can have the children make a com- 
Pass without using water. Take a milk bot- 
tle with its milk cap. Fold a piece of very 
thin cardboard into an inverted V shape 
(Fig. 21-9). Now magnetize a sewing end 
dle and pass it through the folded pe 
board. Suspend the cardboard from a » 
thread that is attached to the milk bott s 
Cap. The magnetized needle will d 
until it points north and south. Any tê 
glass jar will do for a milk bottle. 


in 
How magnets make electric motors 5P 


b 
Make a floating compass needle 9Y 


Pushing a magnetized sewing nem 
through a small flat circular piece of «p 
Stopper. Float the stopper and cadi 
Water contained in a dish with sloP! r- 
Sides. Attach a thin string to the Lari 
tion of a horseshoe or U-shaped magn 


Fig. 21-11 


A dipping needle. (From A. Joseph et 
al., A Sourcebook for the Physical Sciences, Har- 
court, Brace & World, 1961.) 


Hold the magnet over the floating com- 
Pass needle (Fig. 21-10). Twist the string 
by rotating the magnet many times. Now 
release the magnet and let the string un- 
twist. As the magnet spins, the compass 
needle below it will also spin. This phe- 
nomenon is usually employed in alternat- 
ing-current (a.c.) motors. If you like, you 
may use a regular pocket compass in place 
of the homemade floating compass. For 
more details on motors, including how to 
build models, see Chapter 22. 


Making a dipping needle 


If a compass needle were allowed to 
Swing freely, it would be completely hori- 
zontal at the equator. The closer it ap- 
Proached the north magnetic pole, the 
more it would dip down. At the pole the 
Compass needle would be absolutely ver- 
tical, with the north-seeking pole of the 
Compass downward. This happens be- 
Cause the compass needle takes a direc- 
tion which is parallel to the direction 
Of the lines of magnetic force. 

Have the children find out how much 
a compass needle will dip in their latitude 
and longtitude. Secure a steel knitting 
needle, a large sewing needle, two glass 


tumblers, and a large cork stopper (Fig. 
21-11). Push the knitting needle through 
the center of the cork stopper. Now push 
the sewing needle also through the center 
of the cork, but crosswise to the knitting 
needle. Set the ends of the sewing needle 
on the glasses and adjust the knitting nee- 
dle until it balances evenly. Next, using a 
compass, point the knitting needle toward 
the north magnetic pole. Now magnetize 
the knitting needle strongly and return it 
to the glasses. The knitting needle will dip. 
This is called the angle of dip and is ex- 
actly parallel to the lines of force of the 
earth's magnetic field in your location. 
The amount it dips can be measured 
with a protractor. This angle varies from 
locality to locality. A compass needle 
merely indicates the horizontal direction 
of the lines of force. 


CURRENT PRODUCES A MAGNETIC FIELD 


Secure a ¥2-pound coil of insulated bell 
wire from the hardware or ten-cent store. 
Remove 1" of the insulation from each 
end of the wire and about 4" of insulation 
from the middle of the wire. Connect one 
end of the wire to a binding post of a dry 
cell. Sprinkle a small pile of iron filings on 
a piece of white cardboard. Now bring the 
bare middle part of the wire near the pile 


touch terminal for a moment only 
B^ 


iron filings 


Fig. 21-12 A wire carrying an electric current 


acts like a magnet. 
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dry cells 
Fig. 21-13 


of filings and touch the other end of the 
wire to the second binding post of the dry 
cell for a few moments (Fig. 21-12). The 
filings will be attracted to the wire. A 
wire carrying an electric current acts like 
a magnet. (Caution: This experiment and all 
following experiments draw a very large amount 
of current from the dry cell. If you run the cur- 
rent for any length of time, the dry cell will be 
used up very quickly, and the wire will get too 
hot to hold. Consequently, it is wise to do the ex- 
periment quickly, taking just enough time to pro- 
duce the desired effect.) Repeat the experi- 
ment, without filings, with a compass nee- 
dle parallel to the wire when the current 
is off. When the battery is connected to the 
wire, the compass needle will turn at right 
angle to the wire. This was how electro- 
magnetism was discovered early in the 
nineteenth century. 


Lines of force around a wire 


Make a small hole about 14” in diam- 
eter in a square of white cardboard. Draw 
a circle about 4" in diameter around this 
hole. Place the cardboard on two piles of 
books. Connect one end of the bell wire to 
three dry cells that are connected in series, 
as in Fig. 21-13. Run the wire through the 
hole in the cardboard, and shape it so it 
forms a vertical line (Fig. 21-13). Adjust so 
that the bare middle of the wire is located 
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insulated wire 


touch terminal for a moment 


Lines of force about a wire carrying an electric current. 


just at the hole. Place four small compasses 
on the circle drawn on the cardboard. Ar- 
range the compasses in a north, east, 
south, and west position around the card- 
board. Now touch the dry cell terminal to 
complete the circuit for 2 or 3 sec 


Né 
Fig. 21-14 Concentric lines of force about er 
carrying an electric current. (From A. Joseph € ort. 
A Sourcebook for the Physical Sciences, Harco 
Brace & World, 1961.) 


touch to complete circuit only 
long enough for pattern to form 


Fig. 21-15 — A coil əf wire carrying an electric current act 


onds only. While the current is flowing, 
have the children note the new positions of 
the four compass needles. They form the 
outline of a circle. 

Remove the compasses and sprinkle 
some iron filings on the cardboard. Con- 
nect the dry cells for 2-3 seconds and tap 
the cardboard gently (Fig. 21-14). The 
iron filings form a circular pattern around 
the wire. Let the children find out that a 
wire carrying an electric current creates 
Magnetic lines of force around it. 


A coil as a magnet 


Wind about 2’ of the bell wire around 
à pencil to make a coil. Remove the pen- 
cil. Attach one end of the wire to a dry 
cell. Touch the other end of the wire to 
the dry cell. Bring a compass near one 
end of the coil. Note that the coil has be- 
Come a magnet. Bring the compass near 
both ends of the coil and determine which 
are the north and south poles of the coil. 
ry picking up filings or tacks with one 
€nd of the coil. The children should soon 
Come to the conclusion that a coil of wire 
Carrying an electric current acts as a Mag- 
Net with north and south poles. Reverse 
the connections of the wires to the termi- 
nals of the dry cell. With a compass check 
the poles of the coil again. By reversing the 
irection in which the current flows, the 
Poles in the coil change as well. 


clean iron filings 


s like a magnet. 


Place the coil upon a piece of white 
cardboard. Sprinkle iron filings about the 
coil. Connect the ends of the wire to the 
dry cells and tap the cardboard gently 
(Fig. 21-15). The filings will arrange 
themselves in the same pattern as 
that produced with the bar magnet. 
The coil of wire forms a magnetic field 
when an electric current is flowing 
through it. 

A diving nail. The children might like 
to see how you can make a nail dive into 
the wire. Wind bell wire into a coil around 
a wide test tube (or olive bottle) contain- 
ing water (Fig. 21-16). Use many more 
turns than are shown in the illustration. 
Push an iron nail into a small cork as far 
as it will go. Place the cork and nail into 


touch terminal 
for a moment only 


200 turns 
of wire 


dry cell 


Fig. 21-16 A diving nail. 
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N 
mercury or 
heavy salt 
solution 


Fig. 21-17 A dancing spring. 


the test tube. Connect one end of the wire 
to one terminal of the dry cell. Touch the 
other end of the wire to the dry cell for a 
few seconds. The cork and nail will dive 
into the water because the coil of wire 
acts as a magnet. 

A dancing spring. Making a “dancing 
spring” is a spectacular method of show- 
ing that a coil of wire acts like a magnet 
when it is carrying an electric current. 
Drive a copper nail through a cork stop- 
per. Hold the cork stopper firmly in place 
by means of a clamp attached to a ring 
stand (or stand made of wood). Make a 
copper coil by wrapping some thin cop- 
per wire many times around a pencil. 
Have the bottom of the coil end in a 
straight wire (Fig, 21-17). Pour some mer- 
cury into a small beaker or shallow dish. If 
mercury is not available, a concentrated 
solution of salt in water will do. Now wrap 
the top of the coil firmly around the pointed 
end of the copper nail. Then adjust the 
straight wire at the bottom end of the coil 
so that the wire is slightly below the sur- 
face of the mercury or salt water. Let the 
copper wire from one terminal of a dry 
cell be attached to the head of the copper 
nail. The copper wire from the other ter- 
minal of the cell is then placed into the 
beaker of mercury or salt water. The coil 
will now dance up and down, and sparks 
will form at the surface of the mercury. 
You may have to adjust the depth of the 
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straight wire in the mercury to get a con- 
stant dancing up and down. 

When the electric current passes through 
the copper coil, the coil becomes a magnet 
with a north and south pole. Since north 
and south poles attract each other, the 
turns of the coil are pulled together. This 
pulls the end of the straight wire at the 
bottom of the coil out of the mercury or 
salt water. However, when this happens, 
the circuit is broken. The coil now no 
longer acts as a magnet and returns to 
its original position. The straight end of 
the coil touches the mercury or salt water 
again, and the whole process is repeated. 


An electromagnet 


Wind a number of turns of bell wire 
around a large iron nail. Remove the iron 
nail. Connect the ends of the wire to a dry 
cell and see how many tacks or paper clips 
you can pick up with the coil. Now put the 
iron nail back into the coil and repeat the 
the experiment (Fig. 21-18). yoe on 
many more tacks or clips have been picke 
up. By inserting an iron core (the ron 
nail) into the coil, its magnetic strengt 
was increased. When a coil of wire carry- 
ing an electric current contains an iron 
core, it is called an electromagnet. : 

Check the poles of this electromagnet 
with a compass. Now swap the connec 


j 
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" is 
Fig. 21-18 An electromagnet. (From R. Bom 
hoff et al., Exploring Physics, Harcourt, Brac 
World, 1959.) 


tions of the ends of the wire to the bind- 
ing posts of the dry cell. Check the poles 
of the electromagnet again with a com- 
pass. Also try to pick up tacks or clips 
with both the coil and the electromagnet 
when they are not connected to the dry 
cell. The children will soon realize that 
this type of magnetism is temporary, ex- 
isting only when an electric current is 
flowing through the wire. 

A paper-clip buzzer.’ See. Fig. 22-24 
for details on constructing this simple 
buzzer. Wrap a piece of "Scotch tape 
around the nail before wrapping it with 
20-30 turns of #26 enamel-covered wire. 
Make the spacing at B as close as possible 
without touching; adjust A for great up- 
ward tension. 


Making electromagnets stronger 


Wrap 25 turns of bell wire around a 
large iron nail. Connect the ends of the 
wire to the terminals of a dry cell. Count 
the number of iron or steel tacks you can 
Pick up with this electromagnet. Next at- 
tach two dry cells in series to the electro- 
magnet. Again count the number of tacks 
you can pick up with the electromagnet. 

Now wrap 50 turns of bell wire around 
the iron nail and connect the ends of the 
Wire to the terminals of one dry cell. 
Count the number of tacks you can pick 
Up. Finally, attach this nail with 50 turns 
to two dry cells in series and again count 
the number of tacks picked up. 

In each case be sure to keep the cur- 
Tent on for as little time as possible. This 
Will prevent the dry cells from weakening 
rapidly or being used up. 

By noting the number of tacks picked 
"p in each case, the children should read- 
ily come to the conclusion that electro- 
Magnets can be made stronger by increas- 
ing (1) the number of turns of wire, and 
(2) the strength of the current. 


/ Created by Mr. Katashi Nose, Kauai High School, 
thue, Hawaii. 


gummed 
reinforcement 


Fig. 21-19 A magnetic fishing game. 


FUN WITH MAGNETS 


Younger children might like to play a 
magnetic fishing game. Have the children 
trace and cut out 24 paper fish, each 
about 3-4” long. The children can look 
for pictures of different kinds of fish and 
use them as patterns. Draw a circle on 
one side of each fish and give the fish a 
numerical value from 1 to 5. Paste a cir- 
cular gummed reinforcement at the 
mouth of each fish. Now attach a paper 
clip to each fish, making sure the paper 
clip goes through the gummed reinforce- 
ment (Fig. 21-19). Have the children color 


Paper Clip I 


Fig. 21-20 A magnetic acting game. (From Gen- 
eral Science Handbook, Part Il, New York State Ed- 
ucation Department, 1952.) 
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Fig. 21-21 
New York State Education Department, 1952.) 


each fish to make it look as real as pos- 
sible. Remind them not to color in the cir- 
cle containing the numerical value of the 
fish. 

Now place the fish in a large fish bowl 
or aquarium. Obtain four long narrow 
sticks. Tie 12-18” of string to each of four 
horseshoe magnets and attach each string 
to one of the four sticks. You now have 
four fishing poles available. Select four 
children as fishermen and let them all fish 
at one time. When the fish are all caught, 
add up the numbers on each fish. The fish- 
erman with the highest score wins. 

A simpler variation of this game is to 
use iron objects instead of fish. For ex- 
ample, you could use nails, screws, nuts, 
bolts, and tacks. Assign each kind of iron 
object a numerical value from 1 to 5. 
Place the objects in a glass bowl and have 
the children fish for them as described 
above. 

A test of skill uses iron nails with broad 
heads. Stand the nails upright on their 
heads on a piece of glass with each one 
about '^" apart from the other. Now have 
the children take turns with a horseshoe 
magnet to remove one nail at a time, with- 
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; Part Il 
Geometric patterns with magnetized needles. (From General Science Handbook, d 


out picking up or knocking over any of em 
adjacent nails. The child who can remov! 
the most nails this way is the winner. 

You can attach a nail or thumbtack to 
the underside of very small wooden boats. 
Place the boats in an aluminum pan mn 
ported by two piles of books. Move a ax 
net underneath the pan and make t 
ships move. g 

pupils might be nisi, 
making a stage with moving actors. Y 4 
tain a cardboard box, the top of Euer 
will serve as a stage. Wings and kien 
drops can be added. Make your an 
by cutting out very small paper men 4 
women (Fig. 21-20). Fold over some Fi 
the paper below the feet to act asa en 
Insert a small paper clip on the !0 ^ 
Stand the “actors” on the cardboard je 
and move a magnet underneath ea i 
“actor.” The “actor” will follow the mag 
net. 

Magnetize six sewing needles so con 
their eyes all have north poles. Cut SIX = 
cular disks, all the same size, from von 
stoppers. Push the needles through S 
cork disks and place them in a nr 
water so that all the eyes of the nee 


are pointing up (Fig. 21-21). The dish 
should have sloping sides. Now bring the 
south pole of a bar magnet near the corks; 
they will all cluster around the magnet. 
Reverse the magnet so that the north 


CAPSULE LESSONS 


21-1 Bring in some toys (or parts of a ma- 
chine) that utilize magnets. Discuss the proper- 
ties of magnets and how two magnets behave 
when brought close to each other. 

21-2 Before the class enters, suspend a 
horseshoe magnet from a magnet stand or other 
support. Then attach a thin black thread to a 
paper clip, Adjust the length of the thread so 
that the clip is just short of the magnet. Fasten 
the free end of the thread to the magnet stand 
with a thumbtack or with a piece of Scotch 
tape. Adjust the height of the magnet so that 
the clip remains suspended in mid-air under the 
magnet. Create this effect against a wet black- 
board as a background; the thread will not be 
visible. Use this demonstration to create an in- 
terest in magnets, magnetic materials, and mag- 
netic attraction. Place sheets of paper, wood, 
aluminum, cloth between the clip and the mag- 
net to show that magnets attract through non- 
Magnetic materials. Repeat, using a thin sheet of 
iron, and see what happens. 

21-3 Mix brass pins and sewing needles to- 
gether, You can also use copper and iron tacks. 
Have the children separate them with a magnet. 
Lead to a discussion of magnets, magnetic at- 
traction, and what materials magnets will at- 
tract, 

21-4 Obtain a Canadian nickel. Test both 
American and Canadian nickels with a horse- 
shoe magnet. Have the children find out which 
5 mainly nickel. Discuss which metals are at- 
tracted by magnets. 

21-5 Use a magnet to find out how many 
things in your school and classroom are at- 


pole is near the corks; the corks will all 
be repelled violently. Arrange these float- 
ing magnets into different geometric pat- 
terns. 


tracted. Make a list of the materials and deter- 
mine which metals can be magnetized. 

21-6 Beforeclass begins, magnetize the head 
of a small hammer by stroking it with one end of 
a bar magnet. Stroke it many times but always 
in the same direction. Now show the children 
how you can pick up a tack with the head of 
the hammer and hold the tack in position while 
you drive it in. Lead into a discussion of how to 
make temporary and permanent magnets. 

21-7 Place a bar magnet under a piece of 
white cardboard. Sprinkle iron filings on the 
cardboard and tap the cardboard gently to bring 
the filings into line. Use this effect to study the 
magnetic field and lines of force about a magnet. 

21-8 Bring a compass to class. Locate the 
directions of familiar landmarks near the school. 
Bring a magnet near the compass. Initiate a dis- 
cussion of magnets and how the earth behaves as 
a magnet. Paint cardinal points on floor or play- 
ground. 

21-9 Suspend a bar magnet by a piece of 
thread or light string. When the magnet comes 
to rest, check its position with a compass. Use 
this to discuss how the earth behaves as a mag- 
net and also the earth's magnetic field. 

21-10 Make an electromagnet by wrapping 
bell wire around a large iron nail and connect- 
ing the wire to a dry cell. Compare the strength 
ofan electromagnet with that of a bar magnet or 
horseshoe magnet. Do this by counting the num- 
ber of thumbtacks or paper clips each will pick 
up. Discuss electromagnets, how they are made, 
how they can be made stronger, and their com- 
mercial uses. 
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Electricity 


. When planning experiences in electric- 
ity, the teacher must always keep one im- 
Portant fact in mind. Humidity plays an 
'mportant part in experiments with elec- 
tric charges. These experiments work best 
during cold and dry winter weather or in 
à steam-heated room. The colder and 
drier, the better the experiments work. 
On warm, humid days in the fall and 
Spring, the experiments often do not func- 
tion. An invisible coat of moisture on the 
materials permits the electric charges to 
Tun off into the ground. Furthermore, the 
Warm, moist air will conduct electric 
charges away as soon as they are formed. 


ELECTROSTATICS 


Sparks from rubbing 


wee the pupils recall what happens 
en they walk across a deep rug on a 
cold, dry day and then touch a wall 
Switch plate or other grounded metal ob- 
Pe A spark is formed, and they feel an 
“'ectric shock. If the school has a deep rug, 
*t one child scuff his shoes the length of 
oe Carpet and then touch a friend’s finger 
s the metal radiator. Use rubber-soled 
le es because they work better than 
A ather ones. Rubber soles prevent the ac- 
Umulated static (electrons) from being 
Stounded and build up a stronger charge. 
t low up a rubber balloon; first stretch 
a balloon in all directions to make it 
ter to inflate. Then tie it with a string so 


> 


that it won't deflate. Rub the balloon 
briskly with a piece of nylon, wool, or fur. 
Darken the room and have one of the 
children bring his finger near the balloon. 
An electric spark will jump from the bal- 
loon to the finger. 

Find out how many children produced 
a spark or experienced a shock when, on a 
dry winter day, they slid across the plastic 
seatcover of a car and then touched the 
door handle. 

Have the children do the following ex- 
periments at night in a dark room. Obtain 
a roll of the black, sticky bicycle tape. Pull 
a piece of tape away from the roll. A glow 
will appear at the place where the piece of 
tape pulls away from the roll. 

If a member of the family has been 
wearing a nylon slipover sweater all day, 
have the person remove the sweater at 
night in a dark room. Long, crackling 
sparks will be produced. 

To understand why rubbing produces 
electric sparks, it is necessary to under- 
stand the structure of matter and of the 
atom. All matter is made up of tiny parti- 
cles called atoms. Atoms contain three 
basic particles: electrons, protons, and 
neutrons. 

Electrons are negative ( — ) particles of 
electricity. Protons are positive (+) par- 
ticles of electricity. Neutrons have no elec- 
trical charge. Electrons move about freely 
in many substances, whereas protons and 
neutrons are generally stationary. Under 
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normal circumstances, a substance will 
have the same number of electrons (—) 
and protons (+). Ordinarily, therefore, 
the electrons and protons will neutralize 
or cancel out each other, and no electrical 
charge is apparent. 

However, when an object is rubbed, 
things begin to happen. Since electrons 
move about freely, friction will rub elec- 
trons off one object and onto another. Now 
you can explain what happened when the 
child scuffed his feet on the rug. He rubbed 
electrons off the rug and onto his shoes. In 
this way, his body accumulated additional 
electrons (negative particles). When he 
brought his finger near the wall switch- 
plate or another child’s finger, the addi- 
tional electrons left his body in the form 
of an electric spark. 

When the balloon was rubbed with ny- 
lon, wool, or fur, electrons were rubbed off 
the fabric and onto the balloon. The bal- 
loon now had an extra number of elec- 
trons. These electrons jumped from the 
balloon to the child’s finger in the form of 
an electric spark. 

Have the children explain the other ex- 
periments (described above) in terms of 
rubbing electrons onto an object and 
thereby producing an electric spark. 

This effect may now be shown again in 
a more dramatic manner. In total dark- 
ness (after eyes have been given time to 
adjust) rub the glass tube of a fluorescent 
lamp with a piece of nylon or silk. In a few 
seconds the lamp will glow faintly. The 
rubbing will strip some electrons off the 
glass, and these electrons make the white 
(phosphor) coating glow. This works only 
on very dry days. 

This same effect may also be produced 
by rubbing an inflated balloon with a 
piece of nylon, wool, or fur. Then touch 
the end of the fluorescent tube to the bal- 
loon in a darkened room. Sparks from the 
balloon will light up the fluorescent tube. 

The word “static” means “at rest" or 
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“stationary.” When the balloon was 
rubbed with nylon, wool, or fur, a surplus 
of electrons was rubbed onto the balloon. 
These electrons remained on the balloon 
and did not run off. We say that the bal- 
loon became “electrically charged.” The 
term “static electricity” refers to electric 
charges that remain on materials without 
running off. When a spark is formed, the 
moving electric charges are now called 
“current electricity” or an “electric cur- 
rent.” 


Positive and negative charges 


In the previous section it was pointed 
out that, under normal circumstances, an 
object will have the same number of elec- 
trons (—) and protons (+), and therefore 
the electrons and protons will neutralize 
or cancel out each other. It was a 
pointed out that electrons move ce 
freely, while protons are stationary. leen 
an object is rubbed, the friction will ru 
electrons off one object and onto another. 
This upsets the balance of electrons an 
protons. oss 

The object that gains electrons per 
tive particles) now has more [comedi 
than protons (positive particles). This rd 
ject is said to be negatively charged. $a 
the other hand, the object that loses € E 
trons ends up with more protons f m 
than electrons ( — ). This object is sa! 
be positively charged. " 

Electrically charged objects kase ae 
erties of attraction and repulsion. 
properties follow a basic law, namely; me 
like charges repel and unlike charges e 
tract. Consequently, two pe dl 
charged bodies will repel each ot ai 
However, a negatively charged body vii 
a positively charged body will att" 
each other. 

Inflate two balloons. Tie a long thread 
around the neck of each inflated p 
Then stretch a string across the room w 


above the pupils’ heads. Suspend the two 
balloons by the threads to the same point 
on the string stretched across the room. 
Now rub each balloon with nylon, wool, 
or fur. The two balloons will move away 
from (repel) each other. Both balloons 
picked up electrons from the nylon, wool, 
or fur and became negatively charged. 
(Fig. 22-1). 

Now take a comb that is made of hard 
rubber. Rub the comb with nylon, wool, 
or fur and bring it near the charged bal- 
loons. The comb will repel both balloons. 
It, too, has picked up electrons from the 
nylon, wool, or fur and become nega- 
tively charged. Consequently, it will repel 
other negatively charged objects. 

Cut two strips of nylon about 1’ long 
and 3” wide from a nylon stocking. Place 
both strips on white paper or cardboard 
and rub them briskly with your hand. 
Now lift up the two pieces of nylon and 
hold them between your fingers. The two 
loose ends will repel each other. In this 
case, electrons have been rubbed off the 
nylon strips, leaving them both positively 
charged. Being alike, these charged nylon 
Strips repel each other. Now bring a 
charged strip of nylon near one of the 
charged balloons. The positively charged 
nylon will attract the negatively charged 
rubber balloon. 

Take a glass rod and rub it with nylon 
9r silk. The rod from a glass towel rack 
Will do. If this is not available, the glass 
handle of a Silex coffee-maker, or a long; 
thin glass jar or vase, or a glass drinking 
tube will serve. The friction causes the 
pe rod to give up its electrons to the ny- 
9n, and the glass becomes positively 
charged. Bring the glass near the sus- 
lee negatively charged balloons. The 
a i being oppositely charged from 

€ glass, will promptly move toward the 
glass, 

. The children can now experiment with 
ifferent materials rubbed with nylon, 


silk, wool, or fur to see what kind of charge 
is produced. 

When two objects are rubbed together, 
both are affected because electrons are 
rubbed off one object and onto another. 
Thus the one that gains electrons becomes 
negatively charged, while the one that 
loses electrons becomes positively charged. 
In the list given below, when any two of 
the substances are rubbed together the 
substance higher on the list will become 
positively charged, while the lower one 
will become negatively charged. The far- 
ther apart the two substances are on the 
list, the greater will be the charge pro- 
duced. 

glass 

fur 

wool 

nylon 
cotton 

silk 

Lucite 
sealing wax 
hard rubber 
Vinylite 


Uncharged bodies are attracted 


Charge a hard rubber or plastic comb 
or a plastic coat hanger by rubbing it 
with nylon, wool, or fur. Bring it near 
some tiny pieces of thin paper and notice 
how the paper is attracted to the comb. 
The children will wonder why the paper 
is attracted since it is not charged (neu- 
tral). 

Point out that the comb is negatively 
charged. As it nears the neutral paper, it 
repels the negatively charged electrons on 
the near side of the paper and pushes 
them to the far side of the paper. This 
makes the near side positively charged, 
and the paper is attracted to the comb. 

The children might like to make a “kiss- 
ing balloon." Inflate a balloon and tie a 
thread around its neck. With a soft brush 
and ink, paint a face on the balloon. 
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Charged 
balloon 


When the ink is dry, suspend the balloon 
from a string stretched across the room. 
Now rub the balloon with nylon, wool, or 
fur. The balloon will try to “kiss” the 
hand or face of any pupil that comes near 
it. Help the children understand that the 
negatively charged balloon repels the elec- 
trons in the hand and pushes them as far 
as possible to the other side of the hand. 
Thus the negative charge on the balloon 
creates a positive charge on the side of the 
hand nearest the balloon. There is now an 
attraction between the negatively charged 
balloon and the positively charged side of 
the hand. The balloon, being lighter, is 
pulled toward the hand. 

There are many more interesting ex- 
periments which demonstrate this phe- 
nomenon. Rub an inflated balloon with a 
piece of nylon, wool, or fur. Place the 
charged balloon against the wall, and it 
will stay there. The demonstration is even 
more spectacular to the children if you 
just rub the balloon against your sleeve. 

Using nylon, wool, or fur, rub a plastic 
pen or pencil, a stick of sealing wax, or 
any nonmetallic object. In each case the 
object will become charged enough to 
pick up bits of cork or paper. These same 
charged objects will make hair stand on 
end. Or they will attract a ping-pong ball 
and make it move toward you. They will 
make long cotton or nylon threads stand 
up and weave to and fro like snakes. 
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Like-charged 
balloons 


Fig. 22-1 Like charges repel each 
other; unlike charges attract. (From R. 
Brinckerhoff et al, The Physical 
World, Harcourt, Brace & World, 
1958.) 


Adjust the water flow from a faucet so 
that you get a thin steady stream of water. 
Charge a comb by rubbing it with nylon, 
wool, or fur. Now bring the comb near m 
stream of water. The stream of water - 
be attracted by the comb and bend towar 
It. 

Hold a newspaper flat against the wall 
or blackboard and rub the entire ws 
briskly with a piece of cloth or fur. sul 
paper will stay on the wall for hours. ow 
one of the corners loose; then let go. il 
paper will be attracted back to the wal 
Listen for crackling noises when you P i 
the paper loose. If it were dark, you 
see the many sparks that are produced. iy. 

Obtain a nylon stocking and a dry pe! 
ethylene fruit or vegetable bag. You : it 
make sure it is polyethylene La qi 
streiches quite a bit when you try to 
it. 

Now hold the stocking by the E 
against the wall and rub it briskly i 
the polyethylene bag (shirts and d 
other articles of clothing come in ihe 
bags). Take the stocking away yii 
wall and let it hang freely. The a antl 
will blow up just as if it were fille [the 
air. This happens because both sides oid 
stocking have lost electrons and si cad 
positively charged, and thus pepe ick to 
other. Notice how the stocking will st 
the wall or your body. 


; Sara” 
Call the children’s attention to 


toothbrush 
container 


m 


le 
o. 

- sawdust balls 
Q 


Fig. 22-2 Making objects jump up and down. 
(From General Science Handbook, Part Il, New 
York State Education Department, 1,952.) 


Wrap. The friction of separating it from 
the roll is enough to charge it. It becomes 
very highly charged and will stick to most 
objects. 

Jumping objects. Charge a hard rub- 
ber or plastic comb by rubbing it with ny- 
lon, wool, or fur. Dip the comb into a box 
of puffed rice or wheat. When you with- 
draw the comb, it will be covered with the 
kernels of rice. Hold the comb in the air. 
After a while the kernels will start popping 
off. This is a case of first attraction, then 
repulsion. The comb has been negatively 
charged. It first attracts the neutral ker- 
nels of puffed rice. However, the negative 
electrons in the comb slowly pass into the 
kernels which are touching the comb. After 
a while the kernels receive enough elec- 
trons so that they, too, become negatively 
Charged. Now the comb and the kernels, 
both negatively charged, repel each other 
and the kernels drop off. 

. he same experiment may be repeated 
Using bits of cork, paper, sawdust, or other 

inds of cereal. Or you can place them in 
a plastic toothbrush container and then 
"Ub the container with nylon, wool, or fur. 
he small particles will stick to the sides of 
> the container at first. Then, as they too be- 
Come charged, they will be repelled by the 
Container and also by the other bits of ma- 
terial. The bits of material will jump up 
and down (Fig. 22-2). 
Place a pane of glass upon two books 


Fig. 22-3 Dancing paper dolls. (From General 
Science Handbook, Part Il, New York State Educa- 
tion Department, 1952.) 


resting several inches apart on the table. 
Cut out several tiny paper men no larger 
than 2” tall and 4” wide. (Or you may 
use small pieces of paper.) Onionskin 
paper will serve well. Place the paper men 
underneath the glass pane. Now rub the 
glass briskly with a piece of nylon or silk 
(Fig. 22-3). The little men will jump up 
and stick to the glass. After a while they 
will drop down, and then jump up again. 
The children should be able by now to ex- 
plain this phenomenon. The glass pane be- 
comes positively charged and the paper 
men are attracted to the glass. The men 
soon become charged positively also, then 
are repelled by the glass, and jump back to 
the table. After a while they lose this 
charge and are attracted by the glass 
again. This process is repeated again and 
again. An inverted Pyrex pie dish or 
bowl can be used instead of the glass pane 
and the books. 

The same effect can be produced by us- 
ing a plastic cheese container and any 
small, light objects. Place the paper men 
inside the container, put the cover back 
on, and then charge the container by 
rubbing with nylon, wool, or fur. 

You may want to show this effect by 
making an “electrostatic airplane.” Cut a 
small piece of aluminum foil into the 
shape of an airplane. Charge a hard rub- 
ber or plastic comb by rubbing it with ny- 
lon, wool, or fur. Hold the comb up in the 
air and bring the airplane near it. The 
comb attracts the airplane at first. How- 
ever, the plane soon receives the same 
charge as the comb and jumps away from 
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Fig. 22-4 Detecting 
charged objects. (From 
General Science Handbook, 
Part Il, New York State 
Education Department, 

1952.) 
negatively charged 


plastic rod 


glass rod 


the comb. The comb now repels the plane 
and you can keep the plane in the air as 


long as you wish and make it fly wher- 
ever you want it to. 


Electron detectors 


Paint two kernels of puffed rice or 
wheat with a very thin coating of alumi- 
num paint. Then pass a needle and silk 
thread through each grain. Hang the two 
threads from the same point to a string 
stretched across the room (Fig. 22-4). Now 
charge a rubber or plastic comb or rod by 
rubbing with nylon, wool, or fur. Bring the 
charged comb near the uncharged neutral 
kernels and note how they are attracted to 
the comb. Now touch both kernels at the 
same time with the comb. The kernels be- 
come negatively charged also and now re- 
pel each other. If the comb is placed be- 
tween the charged kernels, the kernels 
will be repelled even farther away. Charge 
a glass rod or narrow glass tube positively 
by rubbing it with nylon or silk. Bring the 
positive glass rod between the negatively 
charged kernels. The kernels will be at- 
tracted to the oppositely charged glass. 

This device can be used to identify 
charged objects. If the object is negatively 
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positively charged — 77 


charged, it will repel the negatively 
charged kernels. And if the object is aei 
tively charged, it will attract the y o 
sitely charged kernels. See what dr 
when you bring a neutral object = 
electron detector. Can you explain it? od 

Small balloons, ping-pong balls coat - 
with aluminum paint, and other pct 
jects can also be used as electron "iere ia 
You can even make one by Dese 1A" 
strip of paper (about 15" long i n is 
wide) with a piece of wool oa - 
charged and then laying it over a rule’ ae 

The scientific term for an peat 
tector is an electroscope. Most elec hie 
Scopes use metal “leaves” to nit 
electric charges. Obtain a lec Men 
stopper, long copper nail, and thin a cis 
num or tin foil. Chewing gum npe 
are coated with thin aluminum foil. king 
move the foil, soak the wrapper in ru ur 
alcohol; then work the foil loose with cs j 
fingers. (Very fine electroscope foil is pe W 
able from scientific supply houses m 
very modest sum.) Push the oe al 
through the cork until the head oft qe 
is about 1" above the stopper. eu long 
strips of aluminum foil about 2-3 ds to- 
and '" wide. Sew their upper €n 


gether and tie the foil to the lower end of 
the nail with the remaining thread (Fig. 
22-5). Now insert the cork firmly into the 
bottle. To operate the electroscope, touch 
the head of the nail with a negatively 
charged comb. Electrons from the comb 
will flow into the nail and down into the 
aluminum leaves. The leaves will become 
negatively charged and will separate be- 
cause they repel each other. Now ifa neg- 
atively charged object is brought near the 
nail head, the leaves will separate even 
further. If a positively charged rod is 
brought near the nail head, the leaves will 
come together. 

If you wish to remove the charge from 
any of the electron detectors and make 
them neutral, simply “ground” them by 
touching the kernels, balloons, ping-pong 
balls, or nail head with your fingers. 

Take an empty plastic water bag or 
plastic air pillow and fold it over itself sev- 
eral times, Then take a small aluminum 
Pie pan to which a wooden or plastic 
handle has been cemented in the center. 
Rub the pie pan vigorously against the 
Plastic. Then lift the pie pan and bring a 
knuckle of the hand near the pan; a large 
Spark will jump out. This may also be 
done without any shock if heavily insu- 
lated wire is used, one end of which is con- 
nected to a water pipe. 
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Electrons in motion 


vig oucing children to the idea of in- 
th € yet very real particles flowing 
rough a wire can well be done by first 
Pointing to the effects produced, i.€., a 
glowing bulb, a ringing bell, a running 
Ah a hot toaster, etc. Then you de- 
i 9p the concept of the existence of mov- 
ng electrons which are carriers of energy. 
his chapter will have occasion to refer 
Many times to the direction an electric 
Current takes through an electric circuit. 


(a) 


Fig. 22-5 (a) An electroscope. In this model a 
strip of folded foil hangs from a bent wire, the top 
of which is inserted in the ball end of a hollow cur- 
tain rod. (b) Two strips of foil are attached to the 
wire with pins. (c) Two strips of foil are Scotch- 
taped to the ball end of a hollow curtain rod. (From 
A. Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961.) 


In every case the description will be given 
in terms of the direction in which the 
electrons actually flow through the wire. 
This direction is opposite to the conven- 
tionally assumed direction of electric cur- 
rent flow, which is really a fiction. 

A little background may be of help 
here. Most physics texts and engineering 
manuals discuss circuits in terms of the 
electric current flowing from the positive 
to the negative electrode (or terminal) of a 
dry cell or battery. This assumes that 
there is a positive charge flowing through 
the wires because a positively charged 
body will be attracted to a negatively 
charged body. All of this started with an 
honest mistake of Benjamin Franklin. On 
the basis of his experiments in electricity 
nearly 200 years ago, he speculated that 
the carrier of electrical energy through 
a wire was positive in nature. He did 
not know then of the existence of elec- 
trons. | 
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one-cell 
flashlight bulb 


Fig. 22-6 


A simple electric circuit. 


As a result the convention became 
firmly entrenched that electric current 
flowed from the positive terminal (or elec- 
trode) of a dry cell or battery to the nega- 
tive terminal. Later evidence was found 
proving that the actual carriers of this en- 
ergy were negative “free electrons” that 
therefore really moved in the opposite di- 
rection through the wire, i.e., from the 
negative terminal to the positive. 

It seems logical to start with the truth 
when teaching electricity to children. It 
is a real challenge to inculcate the idea of 
moving electrons, so tiny that no one can 
see them, and to teach the actual direction 
in which these electrons flow. Later on they 
can learn about the “conventional” flow 


of current and realize that it is just a con- 
vention. 


Simple electric circuit 


There are at least three parts to a com- 
plete electrical circuit: (1) a source of elec- 
tric current, such as a cell or generator, (2) 
a path for the current to travel, such as 
wires, and (3) an article to use the current, 
such as a light bulb, electric iron, toaster, 
bell, or motor. 

From a hardware store obtain #6 dr 
cells, bell wire, 1.1- or 1.2-volt flashlight 
bulbs, and miniature porcelain sockets 
into which the bulbs may be Screwed. 
(Caution: Get small sockets of the size that will 
take the flashlight bulbs.) 

Note that the dry cell has two binding 
Posts to which wire may be attached. 
The center post or terminal is called the 
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positive terminal, while the end (side) 
post or terminal is called the negative 
terminal. Look for this information which 
is usually printed at the top of the card- 
board jacket which covers the dry cell. To 
connect wire to the binding posts, first 
partially unscrew the knob of the binding 
post, then wrap the wire from which the 
insulation has been stripped around the 
screw, and finally screw the movable knob 
down firmly. ; 
There is no need to worry about electric 
shocks when using a dry cell. The yp 
cal pressure or voltage of a dry cell is Ya 
volts, just the same as that of a A: 
light cell. Ordinary house current usua 4 
has about 110-120 volts. It is well ia 
pointing out to the pupils that pr 
the wire connected to a dry cell is safe A 
handle, wire carrying 110 volts or mor 
(house current) is very dangerous. — se 
For working with dry cells, #18 ims is 
lated copper wire is best. This s 
called bell or annunciator wire. Laer 
the wire is wrapped in a cotton cover! is 
(often waxed), but the newer bell we : 
plastic-covered. If #18 wire is oni 
able, #20 or 22 wire will serve as We - 
The porcelain socket will be a oe " 
ture of the larger sockets used for a e 
electric light bulbs. At the base © 
Socket are two screws which can as 
loosened with a screwdriver to ; a tt 
binding posts around which the eens 
be wrapped. Tightening the screws $ 
to hold the wire in place. . E: 
In making a simple electrical pe : 
first cut two pieces of bell wire ine 
long. Then remove about 2" of a 
lation from the ends of each piece p lation 
This can be done by cutting the insu 
with a knife, using a sawing more start 
cotton covering can be unwrappe cof the 
at a point about 2” from the en nd the 
wire; then cut the insulation all arou nc 
wire. When the insulation has Peedo 
through and separated, it can be PU 


roit 
i 


the end of the wire. Alligator clips con- 
nected to each end of a wire can save 
much time in connecting apparatus. 

Now screw a flashlight bulb into the 
porcelain socket. Connect the end of one 
wire to a binding post of the dry cell. In 
setting up a simple electrical circuit, it 
makes no difference to which post you at- 
tach the wires. Connect the other end of 
the wire to either screw of the porcelain 
socket. Then connect one end of the sec- 
ond wire to the remaining binding post 
of the dry cell and the other end of the 
wire to the second screw of the porcelain 
socket. The bulb will light up, and you will 
havea simple electrical circuit (Fig. 22-6). 

Let the children examine the circuit 
Carefully. Have them look closely at the 
wires. Ask them to trace the path of the 
electric current. Follow the current as it 
flows from one binding post through the 
wire to the socket, into the bulb, back into 
the socket again, through the second wire, 
back to the other binding post. The elec- 
tric current then travels through the cell 
back to the first binding post. If the chil- 
dren are confused about how the electric- 
ity passes through the socket, let them see 
that there are wires leading from each 
Screw to the base of the socket where the 
bulb is screwed in. Let them take apart an 
old socket and make a large-scale drawing 
Of the socket for the bulletin board. (Let 
the children examine the bulb closely so 
that they can see the wire leading in and 
Cut of the bulb.) 

Point out to the children that the path 
which the current follows is called a cir- 
cuit. Now disconnect one end of a wire 
leading to the bulb. It makes no difference 
whether you disconnect the end which is 
Connected to the dry cell or the one con- 
nected to the socket. The light will go out. 

Onnect the wires again, but this time un- 
Screw the bulb. The light will go out 
again. Help the children understand that 
the electric current will flow only if it 


can travel all the way around the circuit. 
Whenever a wire is disconnected or the 
bulb is unscrewed, the electric current is 
unable to flow. When this happens, we 
say the circuit is broken. Cutting one of 
the wires in two is a good example ofshow- 
ing how a circuit may be broken. 

When the current can flow all the way 
from the cell to the socket to the bulb and 
back again to the cell, we call this a closed 
circuit. When the current is unable to flow 
because the circuit is broken, we call this 
an open circuit. 

Reverse the connection of the wires to 
the binding posts of the dry cell. Then do 
the same thing with wires at the screws of 
the porcelain socket. The children will 
realize that in each case the circuit re- 
mained closed, and thus the bulb re- 
mained lit. 

Point out to the children that scientists 
have learned the direction of electron flow 
in the dry cell or battery. It is from the 
positive to negative inside the dry cell, then 
out the negative terminal through the out- 
side circuit and back to the positive termi- 
nal. 


Switches 


In the simple electric circuit described 
above, the only way to stop the flow of 
electricity is either by disconnecting a wire 
or by unscrewing the bulb. This is incon- 
venient, not only for a simple circuit but 
also for electrical appliances in the home. 
Usually a device is inserted in the circuit 
which can open or close the circuit easily. 
This device is called a switch. 

From a dime store or hardware store 
obtain a small inexpensive knife switch 
and a pushbutton switch. Both these 
switches have screws, just like those in the 
porcelain socket, to which wire can be 
connected. Now cut a piece of bell wire 
about 6-8” long and remove about 2” of 
the insulation from each end of the wire. 
Use this wire to connect the knife switch 
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Fig. 22-7 A simple electric circuit containing a 
switch. (From UNESCO Source Book for Science 
Teachers, UNESCO, 1956.) 


into a simple circuit containing a dry cell 
and one-cell flashlight bulb, as shown in 
the diagram (Fig. 22-7). Let the children 
turn the light off and on by manipulating 
the switch. Point out that the knife edge, 
when closed, acts as a bridge and permits 
the electric current to flow in an unbroken 
path through the circuit. When the knife 
edge is open, the circuit is broken, 

Repeat this demonstration, using a 
pushbutton switch. The children should 
now be able to see how pushing the but- 
ton will close the circuit, 

Homemade switch. A simple switch 
may be made with a wooden pencil and 
rubber bands. Let one wire run from a 
dry cell binding post along the length of 
the pencil. Two rubber bands will serve to 
hold the wire fast to the pencil, leaving 
the end of the wire free. Now let one wire 
from the circuit to be closed be connected 
to one end of the pencil quite close to the 
free end of the wire from the binding post. 
Use another rubber band to hold the sec- 
ond wire firmly to the Pencil. The loose 
end of the first wire can now act as a 
switch by latching under the second 
wire (Fig. 22-8), Another switch can be 


made by using paper clips that slide into 
one another, 


Tap-key switch. A tap-key switch js 
useful when you want to turn electricity 
on and off quickly. Obtain a piece of 
smooth wood about 5" X 3" X A", From 
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Rubber bands 
Fig. 22-8 A simple electric circuit containing : 
homemade switch. (From UNESCO Source Boo 
for Science Teachers, UNESCO, 1956.) 


the hardware store obtain thin sheet cop- 
per about 5" long and 1” wide; or use 
linoleum metal stripping. The metal can 
be cut with ordinary scissors. If you e 
adept with tin snips and can trim ragge 
€dges, you may want to use tin from a A 
can instead of the copper. Cut the app 
into two pieces, one 3” long and the ae 
2” long. Attach a small piece of a waose 
dowel to one end of the 3” copper strip y 
means of a brass screw. Place the copper 
Strips on the wood as shown in the p» 
gram (Fig. 22-9). Tack each strip to t 
wood as follows: Drive one tack into pr 
Copper strip as far as it will go. This eis 
hold both strips firmly in place. The : 
right next to each tack, drive another tà 
into each strip. Do not drive the seco” 
tack all the way in; leave just € 
room to wedge in the bell wire. Thus, cin 
second tack will serve as a binding p0$ " 
each case. Now bend the 3” strip of COP 


Small piece of wood 
attached by brass screw 


in; 
tacks (one all the wot 
the other halfway 


Fig. 22-9  Atap-key switch. 


per up so that it will not touch the other 
strip. Using the wooden dowel key, you 
can push the copper strip down to close 
the circuit. 

You might want to make a similar 
switch, but one that will stay down as 
long as you want it to. Obtain another 
piece of wood 5” x 3" x 94". Also obtain 
a strip of thin copper 4" long and 1" wide. 
Attach a piece of wooden dowel to one 
end of the copper by means of a brass 
Screw. Now tack the copper strip into the 
wood. Drive the tack almost all the way 
in, leaving just enough room so that bell 
Wire can be connected to it. The copper 
Strip is now free to move sideways. At the 
Opposite end of the wood, drive a roofing 
nail (with a wide head) halfway into the 
wood. The roofing nail serves as a binding 
Post and also holds the copper strip, which 
is hooked under the head of the nail (Fig. 
22-10). Be sure to bend the copper strip 
up. Be careful in estimating the position 
Where you drive in the roofing nail so that 
the copper strip will be able to hook under 
the nail head. 

& A spring-type clothespin makes a simple 

9n and off? contact switch. Wrap bare 
Wire around each handle and press one 
against the other to make contact. 

How a flashlight works. Now that the 
Children have had the opportunity to trace 
the path of the electric current in a simple 
electrica] Circuit, you may want to chal- 
lenge their imagination by tracing the 
Path of the current in a flashlight. 

It might be wise to first set the stage by 
Comparing the #6 dry cell and the flash- 
light cell. Point out that for both cells the 
center terminal is the positive terminal, 
and the zinc covering around each cell is 
the negative terminal. The dry cell has 
binding posts while the flashlight cell has 
none, The flashlight cell has an electrical 
Voltage (electrical pressure) of 1% volts, 
the same as the dry cell. 

rap the free end of a piece of bell wire 


m 


copper strip 


roofing ae 


bell wire 


Fig. 22-10 A homemade switch that will stay 
down. 


firmly around a one-cell flashlight bulb 
(1% volts). Use tape to hold the other end 
of the wire against the base of the flash- 
light cell; then bring the silvery button 
on the base of the light bulb in contact 
with the center terminal of the flashlight 
cell. The bulb will light up. Have the chil- 
dren trace the path of the electric current 
through the circuit. 

Continue by making a two-cell flash- 
light. Cut a piece of paper so that it is the 
same length as two flashlight cells placed 
end to end. Place the cells on the paper so 
that the positive terminal of one is touch- 
ing the base of the other (Fig. 22-11). Take 
a piece of bell wire and wrap one free end 
around a flashlight bulb. Use a bulb made 
for a two-cell flashlight (about 3 volts). 
Put the wire on the paper alongside the 
two flashlight cells. The wire should be 
long enough so that both the ends extend 
beyond the paper. Now roll the cells and 
wire up neatly with the paper. Place rub- 
ber bands horizontally around the roll so 
that the paper will not become loose. Also 
wrap a thick rubber band vertically 
around the roll so that both cells will be 
touching all the time. It is important that 
both cells be in contact at all times. 
Otherwise, the circuit will be broken. 
Now hold the loose end of the wire against 
the bottom of the lower cell. Then bring 
the base of the flashlight bulb against the 
center terminal of the top cell. The bulb 
will light up. The children should have 
little difficulty in tracing the path of the 
current. The electrons flow from the bot- 
tom or lower cell (negative termina?) 
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sheet of paper 


through wire into the bulb, back to the 
center (positive) terminal of the top cell 
and then through both cells back to the 
bottom of the lower cell. 

You have just made a flashlight; yet 
the pupils will be quick to point out that 
this flashlight is different from the com- 
mercial model. The big difference is that 
the commercial flashlight has no wires, 
and yet the current flows in an unbroken 
path when the switch is pressed or pushed. 
Let the children examine a commercial 
flashlight closely. A large diagram (Fig. 22- 
12) on the blackboard will further help to 
explain its operation. Point out to the chil- 
dren that the bulb is at the center of a 
small metal bowl. The switch at the side of 
the case consists of a piece of metal which 
can be pushed back and forth. When the 
switch is closed, it has been pushed for- 
ward so that the metal piece touches the 
metal bowl. The spring at the bottom of 
the case makes sure that both flashlight 
cells are touching at all times, 

Now trace the path of the current when 
the switch is closed. The electrons flow 


metal strip 
Switch 
MET 
metal 
reflector dry cells A 
springs 


rig. 22-12 Howa commercial flashlight works. 
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Fig. 22-11 A homemade 
two-cell flashlight. 


from the bottom or lower cell into the 
spring, along the metal case, through the 
switch, into the bulb, back to the cen- 
ter terminal of the top cell, and u 
through both cells back to the bottom cel 
again. " 

Flashlights are not all alike in that their 
Switches may vary. But if you are momi 
ful in tracing the path of the ad 
through the type of flashlight described 
above, you will have little trouble in €x 
plaining how any other type operates. . 

Ringing a doorbell. Ringing an ac 
tric doorbell or buzzer is another — 
of closing a simple electrical circuit. (0) i 
tain an electric doorbell from the ive 
ware store. You will note it has two bin 
ing posts, very much like those in il 
dry cell. Wire up a dry cell, a push 1 so 
ton or knife switch, and the Pv 
that they form a complete circuit. T ing. 
ever the switch is closed, the bell will ES 
Have the Pupils trace the path of the at 
rent through the circuit. The switch pell 
and closes almost too fast to see, as i o 
rings. See Chapter 21 for the princiP 
buzzer operation. 


Series and parallel circuits 


The pupils may have wondered e 
in making a two-cell flashlight, the iet 
tive terminal of one cell was P a : 
against the bottom side of the other ash- 
You were also cautioned to use 4 o-C€ 
light bulb specifically made for a tw 


Fig. 22-13 Connecting cells in 
series, 


flashlight. The cells of this homemade 
flashlight are said to be connected in se- 
ries. That is, the negative pole of the top 
cell is in contact with the positive pole of 
the bottom cell. 

Connecting cells in series. Show the 
Pupils how to connect cells in series and 
what effect this connection has. Obtain 
three #6 dry cells, bell wire, a knife 
Switch, a miniature porcelain socket, and 
a flashlight bulb designed for a three-cell 
flashlight (about 41⁄2 volts). Set up the 
three cells side by side. Wire the cells, 
switch, and socket as shown in the dia- 
Sram (Fig, 22.13). Note that when the 
Cells are connected together, the center 
(Positive) binding post of one cell is al- 
Ways connected to the outside (negative) 
binding post of the adjoining cell. In this 
Way a wire always leads from a positive 
terminal to a negative terminal. Even the 
Outside connection to the switch and lamp 
5 connected by wires which run from a 
Positive to a negative terminal (or vice 
Versa), 

When cells are connected in series, the 
electric current flows through each cell. 
This makes the voltage cumulative. Thus, 
if the voltage of one cell is 1% volts, the 


Fig. 22 
. -14 " . 
Parallel, Connecting cells in 


3 cell flashlight 
bulb (4.5v) 


combined voltage of the three cells is three 
times that of a single cell, or 4% volts. This 
is why two-cell and three-cell flashlights 
need special bulbs. If a one-cell bulb were 
used in a three-cell flashlight, it would 
quickly burn out because of the increased 
voltage. Automobile storage batteries have 
2-volt cells. New cars have 12-volt batter- 
ies of six 2-volt cells; older cars have 
6-volt batteries with three 2-volt cells in 
series. 

To show this cumulative voltage, first 
connect the three cells in series and attach 
the combination to a switch and a three- 
cell flashlight bulb (about 4% volts) ina 
porcelain socket. Close the switch and ob- 
serve the brightness of the bulb. Now con- 
nect only two cells in series and observe 
how the light of the bulb is dimmed. Fi- 
nally use only one cell and note how dim 
the light from the bulb has become. 

Connecting cells in parallel. There is 
a second way in which cells may be con- 
nected, namely, in parallel. Wire the cells 
as shown in the diagram (Fig. 22-14). This 
time use a flashlight bulb designed for a 
one-cell flashlight (about 1% volts). Note 
that in this setup, the center (positive) 
binding post is always connected to an- 
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Iv bulbs 


Fig. 22-15 Connecting light bulbs in series. 


other center (positive) binding post, and 
the outside (negative) binding post is al- 
ways connected to another outside (neg- 
ative) binding post. 

When cells are connected in parallel, 
the electric current also flows across each 
cell, like a branch current. In this case, 
therefore, the voltage is not cumulative at 
all, and the total voltage of all the cells is 
just the same as the voltage of one cell 
(1% volts). 

To show the effect of cells connected in 
parallel, connect the three cells in parallel 
and wire this combination to a switch and 
a one-cell flashlight bulb in a porcelain 
socket. Close the switch and observe the 
brightness of the bulb. Now connect only 
two cells in parallel and close the switch 
again. The brightness will not change at 
all, since no matter how many cells are 
connected in parallel the total amount of 
voltage delivered is equal to the amount 
delivered by just one cell, 

In actual practice, cells are connected 
in series in order to take advantage of in- 
creased voltage and are connected in par- 
allel to increase current. It is good to 
know both methods of connection in order 
to explain more easily how lamps are con- 
nected in series and in parallel. 

Connecting light bulbs in series. 
as cells, light bulbs can be connected i 
ries or in parallel. 

Obtain a #6 dry cell, bell wire, a knife 
switch, two miniature porcelain sockets, 
and two flashlight bulbs designed for 
utie-cell flashlights (1% volts each) 


Just 
n se- 


. Screw 
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the bulbs in the sockets and arrange the 
sockets in a row so that the screws are side 
by side. Wire the cell, switch, and sockets 
as shown in the diagram (Fig. 22-15). 
Note that the wires lead from a screw on 
the left to a screw on the right. Thus, 
when tracing the path of the current, the 
pupils should be led to understand that 
the current flows through the cell and 
through each socket. 

Now close the switch and observe how 
both bulbs light up. Have the pupils 
trace the path of the current through the 
entire circuit. Unscrew one of the bulbs 
and note that the other bulb also goes 
out because the circuit is now broken. 
Some pupils may recall they have Christ- 
mas tree bulb sets which are arranged in 
series. They will be able to describe the 
difficulty they had in finding out which 
bulb burned out, since all the other bulbs 
also went out. 

Connecting light bulbs in parallel. x 
connect bulbs in parallel, wire the cel : 
switch, and sockets as shown in the dia- 
gram (Fig. 22-16). Point out that the wires 
lead from left screw to left screw aon 
sockets, and from right screw to po 
screw. Thus, when tracing the path oft t 
current, help the children understand i 
the current flows both through and acros 
the sockets, This means that we have 
created branch circuits for each Ir 
When the current from the cell reani 
the first socket, part of the current flo r- 
through the socket and part of the D^ 
rent branches off toward the second 59 t 
ket. At the second socket the curre? 
branches again, part of it going ur 
the second socket and the other part 9! 
toward the third socket. 

Let us see what effect parallel 
has on the lighting of the bulbs. cl A 
the switch lights up all the bulbs. the 
screw one of the bulbs and note that an 
other two remain lit. Repeat, unscrew 
any one of the bulbs, and then any t 


wiri ng 
osing 


Fig. 22-16 Connecting light 
bulbs in parallel. 


Help the pupils understand that, when 
one bulb is unscrewed, the entire circuit is 
not broken. Only one particular branch is 
affected, permitting the current to flow 
through the other two branches. There- 
fore, the other two bulbs remain lighted. 

Household wiring is connected in par- 
allel. It should now be apparent to the 
Pupils that, although they cost more, 
Strings of Christmas bulbs connected in 
Parallel are more convenient to use. When 
One bulb goes out, it can be spotted and 
Changed immediately, while the other 
bulbs remain lighted. 


DETECTING ELECTRIC CURRENTS 


After having worked with cells and 
electrical circuits, the pupils should take 
to the suggestion of making their own 
cells and producing electric current. How- 
€ver, they will find that the electric cur- 
rent they produce most likely will not 

àve the electrical pressure (voltage) com- 
parable to that of the dry cell or the flash- 
ight cell, It is easy to detect the electricity 
eo a commercial cell, since all you have 
© do is wire up a light bulb, bell, or 
uzzer. If the bulb lights up or the bell or 


$79 close circuit only for 
a moment at a time 


Fig. 22-17. A compass galvanometer. 


insulated bell wire 
Vey bulbs 


Q 
ùQ 
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buzzer creates a sound, you know that 
you have an electric current. 

However, when the flow of electricity is 
so slight that it will not make a bulb 
light up or bell ring, a more sensitive de- 
vice is needed to detect the presence of an 
electric current. Such instruments are 
called galvanometers. 


Homemade galvanometers 


Compass galvanometer. ‘To make a 
homemade galvanometer you will need a 
compass, copper wire, a switch, and a dry 
cell. The compass may be obtained at a 
ten-cent store or an Army surplus store. 
The other materials can be found at the 
hardware store. The thinner the wire, the 
better the galvanometer works. Ordinary 
bell wire is #18 copper wire. The higher 
the number, the thinner the wire; #28 or 
30 insulated copper wire is best for a gal- 
vanometer, but if it is unavailable, bell 
wire will serve the purpose. 

Wrap some wire many times around 
the compass and connect the wire to a 
switch and dry cell (Fig. 22-17). Set the 
compass so that the needle points north 
and south, and wrap the wire so that it 
runs parallel to the compass needle. Make 
as many windings as you can and yet be 
able to see both ends of the compass nee- 
dle. When the switch is closed, the electric 
current passing through the coil of wire 
will cause the compass needle to swerve 
sharply from its north-south position. 

The children will wonder why this 
deflection occurs. Remind them that 
the compass needle is magnetized. They 
should remember that, when an electric 
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mognetized 7 
razor blade 


close switch for 
only a moment 
at a time 


à 
N 
cp 


Fig. 22-18 A razor-blade galvanometer. 


current passes through a coil of wire, the 
coil becomes magnetized. The magnetic 
field of the coil causes the magnetic nee- 
dle of the compass to deflect from its 
usual position. The deflection is usually 
at right angles to the customary north- 
south position. This happens because the 
magnetic field produced in the coil is at 
right angles to the direction of the coil, 
and the compass needle therefore tries to 
line up with the coil’s magnetic field. 

Reverse the connections of the wires to 
the binding posts of the cell. The needle 
will now swerve in the opposite direction. 
Evidently, reversing the connections will 
reverse the deflection as well. 

Razor-blade galvanometer. A more 
sensitive galvanometer can be made using 
a double-edged razor blade. Magnetize 
the razor blade by stroking it with a strong 
permanent magnet at least 50 times, Al- 
ways stroke the blade with one pole of the 
magnet and in the same direction. Or, if 
you like, you may magnetize the blade 
by wrapping a coil of bell wire around it 
and attaching the ends of the wire to a 
dry cell for a few moments. 

Now obtain #28 cotton-covered cop- 
per wire and wrap about 50 turns of the 
wire neatly and compactly around the 
side of a glass bottle about 3” i 
The purpose of this is to make a loop of 
wire wide enough to contain the magnet- 
ized double-edged razor blade. Slip the 
wire off the bottle and bind it at a few 
points with thread, wire, or tape so that 


n diameter, 
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it will not become undone. Leave about 
a 12" length of wire on each end of the 
coil. Then tie some thread over the top 
of the coil and connect the thread to the 
top of a wooden stand so that the coil 
hangs freely. Using thread, suspend the 
razor blade within the coil so that it can 
move freely (Fig. 22-18). p 

Now connect the loose ends of the coil 
of wire to a switch and dry cell. When the 
switch is closed, the blade will move. The 
distance the blade will move will depend 
upon the strength of the current flowing 
through the coil of wire. This is a rough 
means of indicating the strength of an 
electric current. y 

Needle galvanometer. Another kind 
of galvanometer makes use of two magnet- 
ized needles instead of the razor blade. 
Magnetize the needles, holding the points 
in the same direction, in exactly the same 
manner you magnetized the razor blade- 
Cut a strip of cardboard about 3” long 
and %” wide. Thread one end of i 
cardboard and suspend it from the top ° 
the wooden stand (Fig. 22-19). Turn an 
coil upright on its side and split it so tha 
the cardboard can slide through it. M 
the split wide enough so that the car " 
board can turn freely. Anchor the b 
upright on its side with bent-over aac 
Put both needles through the cardboar 
so that one needle is just above the top ? 
the coil and one is within the oval made 4 
the coil. Insert the needles so that ys 
poles are Opposite, as shown in the i h 
gram. When the current flows throug 
the coil, the needles will turn. "m 

The pupils may wonder why the P Os 
dles were inserted with their poles y el 
Site. Recall what happened to the de ons 
tion of the compass needle when the x i. 
nections to the dry cell were jayo 
This same thing happens when the gea 
pass is placed above and below wire C. 
rying the electric current. By et to 
the poles of the needles, we are ab 


Fig. 22-19 A needle galvanometer, a 
model of the earliest Faraday galvanometer. 


get them both to swing in the same direc- 
tion at the same time. 

Potato tester. A novel but effective 
method of detecting an electric current 
involves the use of a dry cell, bell wire, 
and a potato. Slice the potato in half. At- 
tach two wires to the binding posts of a 
dry cell and stick the bare ends of the 
Wires into the potato. Keep the wires 
fairly close together, but do not let them 
touch inside the potato. After a minute 
9r two, pull out the wires. The hole made 
by the wire connected to the positive ter- 
minal of the dry cell will now have a 
8reenish blue rim around it. Since this 
ls happens with the wire connected to 

* positive terminal of a cell, it becomes 
a method for detecting the positive ter- 
Minal as well. 

A similar test involves the use of one 
m a glassful of vinegar. Dip the wires 
o © the vinegar, holding them close to 
‘ach other but not touching. In a short 
time many bubbles of gas (hydrogen) ap- 
fae at the wire connected to the negative 

Tminal of the dry cell. None or just a few 
ihe appear at the wire connected to 

€ positive terminal. Examine the wires 
after a minute or two. The negative wire 
'S still shiny, while the positive wire has 

come dull and rough. 


PRODUCING ELECTRIC CURRENT 
CHEMICAL REACTION 


n Now that they have a device for detect- 
8 electric currents, the pupils may be in- 
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coil of #28 


insulated wire 


terested in preparing their own electric 
cells and producing their own electric cur- 
rent. They can doso by preparing a voltaic 
cell, also known as a “wet” cell. 


Voltaic or “wet” cell 

Obtain a strip of copper sheeting and 
a strip of zinc sheeting from the hardware 
store. The strips should be about 4-5" 
long and about 74" wide. Then get 1 
pound of ammonium chloride salt from 
the drugstore and dissolve in 1 pint of 
water. 

Pour the ammonium chloride solution 
into a glass jar or beaker. Obtain a nar- 
row strip of wood about %” thick and 
long enough to rest on top of the jar. Tack 
the copper and zinc strips to the wood. 
Punch a hole at the top of each strip, just 
large enough for a piece of bell wire to pass 
through. Now fasten the bare end of a 
piece of bell wire to the hole in each strip 
and connect the other ends of the wires to 
a galvanometer. Then place the strips (not 
touching each other) in the jar of ammo- 
nium chloride. The galvanometer will 
show the presence of an electric current. 
The current should be strong enough to 
light up a one-cell flashlight bulb placed 
in a miniature porcelain socket. (A car- 
bon rod from an old dry cell may be used 
instead of the copper strip.) 

Rinse the copper and zinc strips in clear 
water; then wipe dry. Touch the strips to- 
gether. Replace the copper with a carbon 
rod. The galvanometer will show no cur- 
rent being produced in each case. Place 
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copper 


the strips in a glassful of distilled water 
and note the effect on a galvanometer. 
Repeat the procedure, using solutions of 
vinegar, orange juice, sugar, salt, washing 
soda, and other common household chem- 
icals. In each case rinse the copper and 
zinc strips well after each test. Note the 
effect of each on the galvanometer. 

Try using two strips of copper, then 
two strips of lead, then strips of dissimilar 
metals such as aluminum and iron, cop- 
per and lead, zinc and iron, etc. 

The pupils should now be able to name 
the essential parts of a cell. These include 
two strips of different metals and a chem- 
ical solution to help conduct electricity. 
For those pupils who are interested, chem- 
icals whose solutions help conduct electric 
currents are called electrolytes. Only three 
kinds of chemicals are electrolytes: acids, 
bases, and salts. Vinegar and fruit juices 
are examples of acids; ammonia is a base; 
and salt and baking soda are salts. 

An electric current was produced be- 
cause a chemical reaction took place. Be- 
cause of the chemical action, the copper 
strip develops a scarcity of electrons, 
while the zinc strip accumulates electrons, 
This differential in charge causes the ac- 
cumulated electrons to flow through the 
wire from the zinc strip to the copper 
strip which lacks electrons, This flow of 
electrons through wires is what we call 
electric current or flow of electricity. Elec- 
tricity flows from areas having excess free 
electrons to those deficient in electrons. 

Let the pupils test the wires from the 
copper and zinc strips with the potato 
tester. The wire from the copper strip will 
produce a hole with a greenish blue rim. 
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Fig. 22-20 Producing electricity with a 
lemon. 


This shows that the copper strip is the pos- 
itive terminal of the cell. : 

You can produce electricity by using 4 
lemon voltaic cell. Obtain a lemon, then 
roll it firmly against the table or squeeze 1t 
in order to break up some of the inside Bs 
sue and release the juice. Cut two slits in 
the lemon and insert a copper and a € 
strip (Fig. 22-20). Make sure the meta 
strips do not touch inside the lemon. Con 
nect the metal strips to a galvanometer ^" 
that the current may be detected. aa, 
the experiment, using different kinds 
fruit. 

You can even make a voltaic cell out M 
coins. Soak a piece of blotting n 
thoroughly in salt water and place it 5 
tween a penny and a dime. Connect E 
Wires to a compass galvanometer m 
touch the penny with one wire and a 
dime with the other. A current of € nt 
tricity will be detected. If the a. 
of the compass needle is very slight, 5 
stitute an iron washer for the dim Hs 

Have your pupils ever “tasted trips 
tricity? Clean the copper and zinc cem 
thoroughly with soap and hot water. ah 
let a pupil place both strips in his mo ly 
one on each side of his tongue. The d 
feeling indicates the existence of 8D die 
tric current. In this case the saliva "i pae 
electrolyte. The pupils might like t 
peat the experiment, using a clean 
and dime. 


elec- 


pen? 


What is in a dry cell? 


er: 

Did you know that a dry cell S 7, 
really dry? Save one of your wo show 
dry cells to prove this and also to hack- 
how a dry cell is constructed. With a 


saw, cut the dry cell down the center 
lengthwise, so that you will get a good 
cross section of the cell (Fig. 22-21). Now 
examine the contents carefully. The dull 
metal can is made of zinc, which is the 
negative terminal. Note how it has been 
eaten away on the inside. The rod in the 
center is made of carbon, which is the 
positive terminal. Carbon is used instead 
of copper because it is cheaper and also 
works better. The pasty material be- 
tween the carbon rod and the zinc can 
contains three chemicals: ammonium chlo- 
ride (white), fine carbon particles, and 
manganese dioxide (black). 

The ammonium chloride is the chemi- 
Cal which, when moistened, acts as the 
electrolyte which permits the chemical 
reaction to take place between the car- 
bon rod and zinc can. When the cell is 
being used, a chemical reaction takes 
place and hydrogen bubbles accumulate 
on the carbon rod. When a layer of bub- 
bles forms, it interferes with the flow of 
electrons (electric current). This is where 
the black manganese dioxide is put to use. 
The manganese dioxide reacts with the 
hydrogen bubbles, removing them as they 
are formed. In the process, water is formed. 

When the cell is new, the paste is quite 
moist. When the cell is dead, the paste has 
become dry. Every precaution is made to 

ep the paste moist as long as possible. 
Note the layer of absorbent paper next to 
the zinc can. This paper was originally 
Soaked in ammonium chloride solution. 

ecall the ammonium chloride wet cell. 
In order to keep the cell as waterproof as 
Possible, the top of the cell has been sealed 
With hot pitch or sealing wax. 

i Àn almost worn-out dry cell may be re- 
VIved for a short while. Punch a few holes 
With a nail into the bottom of such a cell. 
Place the cell in a jar. Add ammonium 
Chloride solution until it is one third 
the way up the dry cell. Let the cell stand 
m the ammonium chloride-water solution 


Pitch 


Air space 


Cardboarc 


Paste of 
water, 
carbon, 
manganese dioxic 

and ammonium chloric 
Fig. 22-21 Cross section of a dry cell. (From R. 
Brinckerhoff et al., Exploring Physics, Harcourt, 
Brace & World, 1959.) 


for at least a half hour, preferably longer. 
Now try to light a flashlight bulb with the 
cell. If the pupils try to light the bulb be- 
fore and after soaking the cell, the result 
will be quite striking. 


A simple storage battery 


Certain kinds of cells can be recharged 
when they seem to be worn out. Many 
pupils will recall how their parents have 
the batteries in the family automobile re- 
charged. You can show the charging and 
discharging process quite effectively in the 
classroom. 

From a plumber obtain two pieces of 
lead sheeting about 6” long and 2” wide. 
Also obtain some dilute sulfuric acid from 
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solution 
R 


an automobile battery store (20% concen- 
tration). (Caution: Be careful with the acid. If 
any spatters on your skin or clothes, wash it off 
immediately with lots of water. Do not let chil- 
dren ever handle sulfuric acid solution. Keep 
corked with rubber cork only.) 

Punch a hole at one end of each of the 
lead strips. Fill a glass about three quar- 
ters full of acid. Clean the lead strips well 
by sandpapering their surfaces. Bend the 
ends of the lead strips and hang them 
over the sides of the glass. Attach wires 
to the holes in the lead strips and connect 
the wires to a galvanometer. No current 
is indicated. 

Now charge the cell as follows: Con- 
nect three dry cells in series and attach 
the wires to the lead strips by means of the 
holes in the strips (Fig. 22-22). The three 
dry cells in series will deliver about 1% 
volts each (4% volts in all) to the lead cell, 
If a pupil has a d.c. battery substitute or 
the rectifier used for model H-O gauge 
trains, it may be used to charge the 
“storage cell.” Let the current from the 
dry cells flow through the lead strips and 
acid for several minutes. The pupils can 
readily see that a chemical reaction is 
taking place. Bubbles of gas will appear 
at both lead strips, and the lead strip con- 
nected to the positive terminal of a dry cell 
will become brownish, (This strip is being 
converted to lead oxide.) 
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mu 


rips: 


20% sulfuric acid solution 
r 


Fig. 22-22 Charging a simple 
storage battery. 


saturated sodium bicarbonate 


After several minutes disconnect the dry 
cells. Now connect the wires from the lead 
strips to a one-cell flashlight bulb in a por- 
celain socket. The bulb will light up. Each 
lead cell delivers 2 volts. . 

Point out that, when the battery is de- 
livering electric current, we say it is dis- 
charging. When we put electricity into the 
battery, we Say it is charging. E 

If you do not wish to use sulfuric acid in 
your homemade storage cells, use a satu- 
rated solution of baking soda (sodium bie 
carbonate). To make a saturated solution, 
dissolve as much of the baking soda as you 
can in water at room temperature. You 
may also use a saturated solution of so- 
dium sulfate instead of sulfuric acid. 


GENERATING ELECTRIC CURRENT 
IN A MAGNETIC FIELD 


The class has seen how to produce m 
electric current in cells or batteries : 
means of chemical reaction. ae 
cells can be used only for a limited pu 
and must be replaced when they 
worn out, cii 

For commercial generation of elec sive 
ity a much simpler and inexpe 
method is used. This method requires © 
coils of wire and magnets. imes 

Wrap some bell wire about 50 ti 


mx. move coil ? 
Mi. Sy back ond fort 
9 Ex 
Sr 


Fig. 22-23 Moving a coil in a magnetic field gen- 
erates an electric current. 


about a narrow olive jar. Slip off the coil 
and fasten it with thread, wire, or tape at 
Several points so that the coil won't come 
apart. Connect the ends of the coil to a 
compass galvanometer (Fig. 22-23). Hold 
à U-magnet (or bar magnet) motionless 
1n one hand and move the coil over one 
end of the magnet. Note that the com- 
Pass needle is deflected, showing the pres- 
ence of an electric current. Now remove 
the coil by sliding it back. The compass 
needle is deflected again, but this time in 
the opposite direction. Move the coil over 
the other pole of the magnet. The deflec- 
tion is opposite to the one produced when 
the coil was moved over the first pole. 
Move the coil over one end of the mag- 
Net again; then stop. The compass needle 
Will also stop being deflected. Evidently 
electricity will be generated only as long 
85 the coil is moving. 
Nes the magnet in and out of the coil 
eith note what happens. See what moving 
er the magnet or coil faster will do to 
eee needle. Place the like poles of 
che ar magnets together and see what in- 
d asing the strength of the magnets will 
9 to the deflection of the compass needle. 
Ote the difference when a coil of 100 
Tns of wire is used. 
en Pupils should realize, then, that a 
of wire moving in a magnetic field 
Senerates an electric current. Increasing 
di Strength of the magnet or the number 
urns of the coil of wire will increase 


the amount of electric current produced. 
Increasing the speed with which the coils 
or magnet move will increase the rate of 
production of the electric current. 


MAKING ELECTRICITY DO WORK 


Most pupils are well aware that elec- 
tricity is used to operate appliances in the 
home. However, they should be led to un- 
derstand that the heart of many of these 
appliances is the electric motor. 

A simple, inexpensive, and easy-to-un- 
derstand St. Louis motor can be pur- 
chased from any commercial scientific 
supply house, complete with instructions. 
Toy stores also offer a variety of electric 
motors. Usually there is one boy in the 
class who knows all about motors and is 
more than willing to bring one in and ex- 
plain how it operates. 


Paper-clip motor’ 

A few paper clips, some enameled wire, 
and other common items are all you need 
to make the model of a motor shown in 
Fig. 22-24. Study the figure for a few mo- 
ments, and you will see how simply it all 
goes together. Each model requires about 
15' of #26 enamel-covered wire (from a 
radio store), six large thumbtacks, seven 
medium-size paper clips, one ungalvan- 
ized finishing nail, one baseboard. The 
motor is operated by two dry cells. 


Making model motors 


If you like, you may construct a simple 
motor with corks and pins. You will need 
three corks, some pins, two bar magnets, 
two small blocks of wood, a dry cell, and 
some insulated copper wire (#28 or 
finer). One cork should be about 25-3" 
long. The other two corks should be 
shorter and wider, both the same size. 


1 Created by Mr. Katashi Nose, teacher in Kauai 
High School, Lihue, Hawaii. P 
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= 
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wrap bent clip and 
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N 


dry cells 
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-./djust this space 
> 
(C) adjust 
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paper clip bent to 


Fig. 22-24 A Paper-clip motor. 
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et 


here make ‘push button" 


Stick a pin into each end of the large 
cork. Center the pins as best as you can, 
so that when the cork rotates using the 
Pins as a shaft or axle, it will wobble as 
little as possible. Now wind about 10’ of 
the fine insulated copper wire firmly 
around the cork. Wind the wire length- 
wise, making sure that there is an equal 
number of turns on each side of both pins 
(Fig. 22-25). Fasten the wire securely with 
thread, so that the wire will not come 
loose when the cork is revolving. 

When winding the wire around the 
cork, arrange it so that both free ends of 
the wire (the starting and finishing ends) 
are at the narrow end of the cork (see 
diagram). Bend these ends so that they 
are at right angles to the coil of wire, thus 
making the ends parallel to the pin. au 
the ends so that they protrude about 2: 
Strip the insulation from both ends an 
clean them with fine sandpaper. Then 
adjust the ends again so that they are par- 
allel to the pin, one on each side. f 

Drive two pins criss-cross into each o 
the two short, wide corks. The points 
where the pins criss-cross should be ap" 
proximately the same height. This is be 
cause the pins from the cork containing 
the coil of fine wire will rest on the guum 
and behave like a axle, However, do ae 
criss-cross the pins at too sharp an d 
because this will increase the friction 
the extent that the cork will not rotate: o 

Now assemble the motor. Set the ei 
corks Containing the criss-cross pins ee 
north-south position. Place the pins 9 the 
cork containing the coil of wire on “a 
criss-cross grooves. Lay the man a 
small blocks of wood, and arrange t the 
So that they are as close as possible E in 
sides of the Cork, without touching. e " 
the cork by hand a few times ie e 
sure the magnets are not touching side 
cork. A north pole should be on one ther 
of the cork, and a south pole on the o 
side. 


( 
Fig. 22-25 A cork and pin motor. 


Connect two pieces of bell wire about 
15” long to a dry cell. The loose ends 
should be stripped about 2”. Hold the 
wires between the thumb and forefinger 
and bring the ends close to the cork with 
the coil of wire. Bend out the ends of the 
Wires connected to the dry cell, so that 
When the cork revolves, the ends of these 
Wires will just touch or brush the ends of 
the two wires on the revolving cork. 

Give the cork a push to start it spinning, 
and hold the long wires in your hand so 
that they make contact with the two wires 
9n the cork when it revolves. Be sure to use 
only very Ii ght pressure; otherwise, the fric- 
tion will be too great to permit the cork to 
revolve, Yet you must use enough pressure 


to have the wires make good contact with 
€ach other, 


_ The co 
tion, 
Way, 
volvi 


rk will revolve in only one direc- 
Therefore, try pushing it first one 
then the other. If you start it re- 
ng in the right direction and hold 
the wires with just the right amount of 
Pressure, the motor will keep revolving 
quite rapidly, 
oint out the essential parts of the 
?r. The revolving cork is called the 
Mature. The two wires projecting from 
© armature are called the commutator. 
€ Wires from the dry cell brush against 
rotating commutator, and are therefore 
called brushes. They lead the electric cur- 


Mot 
ar 


«CHE 


(transparent tape to hold wire 


thread to hold wire 


rent into the coil. The magnets produce 
the necessary attraction and repulsion and 
are called field magnets. The dry cell sup- 
plies the electric current. 

Help the children understand how the 
motor operates. When the electric current 
from the dry cell enters the coil of wire 
through the brushes, the coil becomes an 
electromagnet with north and south poles. 
These poles are attracted to the poles of 
the permanent magnets, and the cork or 
armature revolves. However, once the 
poles of the electromagnet face the per- 
manent poles ofthe bar magnets, we must 
change the poles of the electromagnets, 
Otherwise, the electromagnet would re- 
main fixed due to its attraction to the bar 
magnets. This is where the “brushes” and 
“commutator” come in, 

You will notice that as the cork re- 
volves, the wires touch the brushes leading 
to the dry cell. Thus, the current flowing 
from the dry cell enters first one commu- 
tator segment, then the other. This has the 
effect of reversing the poles of the electro- 
magnet. Now it should be clear why the 
armature continues to rotate. When the 
current enters the coil through one wire of 

the commutator, an electromagnet is 
formed with north and south poles. These 
are attracted to the opposite poles of the 
bar magnets, and the cork or armature ro- 
tates. By rotating, the current from the ai y 
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#22 insulated copper oe 


20 turns on each end. 
cA 


cells enters the coil through the other wire. 
This reverses the poles of the electromag- 
net, and they are now repelled by the 
same poles of the bar magnet which first 
attracted them. 

The commutator serves to reverse regu- 
larly the poles of the electromagnet. Con- 
sequently, each pole of the electromagnet 
is first attracted and then repelled by the 
opposite pole of the permanent magnet. 
The result is continuous rotation of the 
cork or armature. 

The stationary magnets in a motor are 
usually called field magnets. Most motors 
use electromagnets rather than bar mag- 
nets as field magnets because greater mag- 
netic attraction and repulsion are pro- 
duced, and, consequently, a much faster- 
moving armature results. 

With four large nails, a Piece of wood, a 
cork, #22 copper wire, a Piece of glass 
tubing, and two dry cells, you can make a 
motor which uses only electromagnets, 
Obtain a piece of wood, preferably pine, 
about 6" x 4" x 34". Obtain four nails 
about 3" long. Drive one nail up from the 
center of the board so that its point ex- 
tends into the air (Fig. 22-26). 

Obtain a piece of glass tubing slightly 
wider in diameter than the nail. Heat one 
end of the glass tubing in a hot Bunsen 
burner flame until the end is closed. When 
the glass is cool, cut the glass tubing at the 
viher end so you have a piece about 114” 
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Fig. 22-26 A motor that uses only 
electromagnets. 


long. It will now fit over the sharp end of 
the nail which acts as a pivot so that the 
glass can turn easily. Use half. of a large 
gelatin or soap capsule as a bearing. 

Obtain a large cork and make a hole 
halfway up into the wide end. Ream E 
the hole with the square end of a rattat 
fle. The hole should be very slightly 
smaller in diameter than the diameter 
the glass tubing. This will enable the glass 
tubing to fit snugly into the cork. 

Now drive a nail through the upper 
portion of the cork so that an equal lengt 
protrudes from each side. Be careful not t 
drive the nail into the hole you made ni 
the glass tubing. Fit the glass tubing p 
the cork and let the tubing rest on 1 
point of the nail. wem 

Drive two nails into the wood, p. 
ends first. The nails should be spaced he 
that their heads just clear either end © ; is 
nail driven through the cork. The ae 
to get the nails as close to the horizon e 
nail as possible, so that the horizontal v 
can spin without touching. Try also: 
keep all three nails on the same level. ire 

Wind about 40 turns of #22 Yh 
around the horizontal nail (20 on pn 
side). If necessary, wind the wires 1n me 
ers. Have the bared ends of the wine en 
down to each side of the glass tubing- it 
ten the ends to the glass tubing W 
thread or tape. P 

Now dui about 40 turns of #22 gen 


around each vertical nail, making layers if 
necessary. Note: Wind the wire around 
each nail in the same direction. Let chil- 
dren decide why this is necessary, e.g. 
flow of current. Then strip about 3" of in- 
sulation from the ends of each coil of wire. 
One bare end of wire is wrapped around 
a small nail driven into the wood, and 
is is bent so that it just touches one of 
vires taped to the glass tubing. Thus, 

one end of the wire acts as a brush. 
"iis "wa ends of the wire from the ver- 
m His S are connected to a switch and 
tds ho connected in series. The 
aie A ould operate quite efficiently 
ie "e: the switch and give the hori- 
ail a push so that the motor turns. 
: da in both directions until you get 

one to make the nail rotate. 

in xy sure your connection with the 
$ not too tight and not too loose. 


Ometi A . 
seri times a third dry cell (connected in 
es) is necessary. 


A si 
'mple electric lamp 


onsite pupils examine a clear unfrosted 
Ong as itm d Any size bulb will do as 
Children? € glass is transparent. Call the 
i ando S attention to the wire that leads 
Stang ds of the bulb. Help them under- 
ase of in this wire actually goes into the 
cket Ma bulb. Screwing the bulb into a 
Clectrig; turning the switch enables the 
bul Md to flow through the base of the 
Using nd into the wire inside the bulb. 
dren in gooseneck lamp, have the chil- 
en t i how the wire in the bulb glows 
OW thin S ea is turned on. Point out 
ulb js € wire is. This thin wire in a 
ry called a filament. 

` bulb, PR your own electric light 
and a co ea a small widemouthed bottle 
n ice 5. * that fits the bottle snugly. With 
c PEN 9r awl make two holes in the 
t0 pass i, are wide enough for bell wire 
S t Off so rough. If the cork is rather long, 
me of the bottom part of the cork. 


Single strand of 
Picture wire 


Fig.22-27 A bottle electric lamp. (From UNESCO 
Source Book for Science Teachers, UNESCO, 1956.) 


This will make it easier to punch the 
two holes in the cork. Strip about 4" of 
cotton insulation from one end of each of 
two pieces of bell wire. Then push the 
stripped end of the wire through the holes 
in the cork. 

Now obtain a short piece of thin iron 
wire. One strand untwisted from ordinary 
iron picture wire will serve the purpose. 
Wind the piece of iron wire around each 
end of the bell wire extending through the 
cork. Then insert the cork into the bottle. 
Connect the other ends of the bell wire 
into a circuit containing one or more dry 
cells and a switch (Fig. 22-27). Your bottle 
lamp is now ready to operate. 

Close the switch. When the fine iron 
wire begins to glow, open the switch. Do 
this several times until the wire finally 
burns out. The oxygen in the air inside 
the bulb combines with the filament to 
burn it away. 

If you wish to make your filament last 
longer, replace the iron wire with a piece 
of Nichrome wire, obtainable at an electric 
repair shop or a radio and TV repair 
shop. In this case more than one dry cell 
(connected in series) may be necessary. 
Point out the poor light efficiency. 


CONDUCTORS AND NONCONDUCTORS 


The children by now should realize that 
bell wire has been used in most of the ex- 
periments with electricity. Let them ex- 
amine the wire itself. The reddish gold 
metal is copper. Show the children som 
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tin or aluminum 
foil fuse 


wire used to connect lamps in the home. 
The wire consists of many thin pieces of 
copper. Evidently copper conducts elec- 
tricity quite well. 

The children may also recall that in the 
wet cell, zinc also conducted electricity. So 
does the wire in a light bulb. The question 
may arise whether all substances conduct 
electricity. Wire up a dry cell and a one- 
cell flashlight bulb (1% volts) in a porce- 
lain socket. Cut the wire and strip the 
ends. Bring the ends of the wires together 
and note that the bulb lights up. Have the 
pupils trace the path of the electric cur- 
rent through the circuit. Now hold the 
ends of the bell wires against a dime and 
see if the bulb will light. Repeat the ex- 
periment using other coins, a piece of glass 
or a marble, a rubber eraser, an iron nail, 
and pieces of wood, china, porcelain, 
cloth, friction tape, etc. 

Have the pupils make two lists on the 
blackboard: those materials that let elec- 
tricity flow through them easily and those 
that do not. Those that do are called con- 
ductors; those that do not are called non- 


conductors. Nonconductors are also called 
insulators. 


SAFETY WITH ELECTRICITY 


The hazards involved in the use of elec- 
tricity are so many, and the consequences 
$2 great, that it is absolutely necessary to 
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Fig. 22-28 A homemade fuse. 


2 cell flashlight 


teach safety factors and precautions T 
early as possible in the elementary schoo . 
In these days even the youngest children 


use many electrical appliances and lamps 
in the home. 


The best way to teach the necessary 
safety uses and precautions in electricity 1$ 
in actually showing children how Hm 
equipment is used and the damage that 
results because of failure to follow the 
safety rules. n 

Obtain two #2 dry cells, some be 
wire, some one-cell (1/2 volts) and two 
cell (3 volts) flashlight bulbs, and minia- 
ture porcelain sockets. Remove all the 10- 
sulation from two pieces of bell wire. com 
nect the pieces of bell wire to the termina 
of a dry cell and a porcelain socket co” 
taining a one-cell flashlight bulb. on 
touch the two wires together, and the lig 
will go out. You can accomplish "i 
same result by placing a screwdriver bla e 
across both wires. Point out that, by tous " 
ing the wires together, you made it po 
ble for the current flowing from one wIT 
to flow into the second wire at the point al 
contact, and then flow back to the s 
again. By touching the wires wq 
new and shorter circuit was formed. he 
cause this new circuit was shorter than t v- 
circuit through the bulb, the current a 
eled through the shorter path. This Hn en 
cut is called a short circuit. The childr v- 
should now realize the importance © LI 
ering the wire with insulated or nonc? 


ductor material—so that the bare copper 
wires do not touch. 

You may wish to repeat the experiment, 
using insulated bell wire. However, this 
time cut the insulation of each wire at one 
point so that it is frayed and the bare wire 
is exposed. Touch both wires together at 
the point where they are bare. A short cis- 
cuit will form again. Emphasize the im 
Portance of replacing electric cords in the 
home as soon as they begin to fray. 

Make a short circuit again, using wires 
completely stripped of insulation. Keep 
the short circuit going and feel how the 
wires forming the short circuit become 
warm, even hot. Point out that if the short 
Circuit were allowed to continue, the wires 
would become red hot. In the home these 
red-hot wires could set the walls on fire. 

To prevent wires from becoming red 

Ot, a fuse is inserted in the circuit. Cut a 
very thin thread-like strip of tin or alumi- 
num foil or use the foil obtainable from 
Sum wrappers; fasten it to two bare ends 
bell wire projecting through a cork 

Opper (Fig. 22-28). This will serve as a 
nim Connect two dry cells in series; then 
acl e into the circuit the fuse and a two- 

ashlight bulb in a porcelain socket. 
re a portion of the insulation of both 

res before you make the connection. 

“aoe touch both bare portions of the 
iie together, causing a short circuit. The 
the M ed melt, breaking the circuit, and 
ner b will go out. If the fuse does not 
> Cut a thinner strip of foil. You may 
ree experiment with different kinds 
tall 1l and different widths until you fi- 
Mond i a fuse which will permit the cur- 
will o flow when connected properly, but 
melt when there is a short circuit. 
Sep foil makes the best fuses because 
eee easily. Lead may be obtained 
eor a plumber's shop. Scientific supply 

Porations sell lead fuse wire. 

Sud iis the children examine good fuses 
urned-out fuses. Point out that the 


strip of metal used in the fuse is made of 
a metal that melts easily when heated. 
When a short circuit occurs, the metal be- 
comes heated and melts. This breaks the 
circuit and acts as a safety device to pre- 
vent a possible fire. 

When too many appliances are placed 
in one circuit, the wires carrying the cur- 
rent may become overheated and cause a 
fire. Too many devices in a circuit “over- 
load" the circuit. Fuses again act as safety 
devices to prevent fires caused by heated 
wires in overloaded circuits. 

Connect two dry cells in series. Then in- 
sert in the circuit a fuse and a two-cell 
flashlight bulb in a porcelain socket. Now 
add more two-cell flashlight bulbs in par- 
allel until the circuit becomes overloaded 
and the fuse melts. 

Point out the danger in inserting a 
penny instead of another fuse when the 
fuse is “blown” or melted. A fuse can melt 
but the penny can't. This means the wires 
may get too hot and may cause a fire in 
the walls. 

Show the pupils why they must never 
hold an appliance, pull-chain, or switch 
in one hand and touch a radiator, water 
pipe, or any other metal pipe leading to 
the ground. This could create an electrical 
circuit with the child in the middle. 

You can show how electrical sparks can 
cause fires. Connect a pair of wires to a 
dry cell. Obtain a cigarette lighter. Just 
above the wick of the lighter touch the 
wires; then separate them slightly to make 
a spark. The lighter will ignite. (This ex- 
periment should be done by the teacher.) 

Point out that an electrical spark can 
ignite gas which is leaking from a stove, 
furnace, hot-water heater, etc. This is also 
true with vapors from gasoline, benzene, 
inflammable cleaning fluids, paints, lac- 
quers, and alcohol. If gas or these vapors 
are in the room, a spark from a switch or 
appliance can cause an explosion. 

To show the powerful spark produc. 4 
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Fig. 22-29 A water solution 
conducts an electric current. 


saturated sodium 
bicarbonate solution 


when disconnecting appliances, plug an 
electric iron into the wall. Have the pupils 
note the spark at the plug when you dis- 
connect it from the wall socket. Discuss 
what might happen if a woman had just 
been cleaning dresses or gloves with in- 
flammable cleaning fluid and then began 
to do some ironing. 

Another important safety problem is 
the effect of moisture on electric wiring. 
Moisture will cause leakage of electricity, 
which may lead to dangerous electric 
shocks. 

Show that a water solution can carry an 
electrical current. Fill a glass tumbler two 
thirds full of water and add as much so- 
dium bicarbonate as the water can dis- 
solve. Obtain two dry cells, bell wire, a 
Switch, a two-cell flashlight bulb (3 volts), 
à porcelain socket, and two long nails. 
Connect them into a circuit with the glass 
of saturated sodium bicarbonate solution 
(Fig. 22-29). The current flows through 
the solution; the bulb lights up, showing a 
complete circuit. 

You may want to tell the children 
about the work of the Board of Fire Un- 
derwriters Laboratories, who set up stand- 
ards for safe electrical equipment in this 
country. Show electrical appliances that 
carry “approved” labels of the labora- 
tory. Also show pieces of electric wire that 
carry a small yellow Paper and metal ring 
around the wire to show that it meets the 
laboratory specifications, 

Warn the children that radio and tele- 
vision sets all operate at high voltage. 
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These sets should never be opened or tam- 
pered with. Point out that here, i 
you should never touch metal parts o 
the set and a grounded pipe at the same 
time. 

Point out that all electric ganna 
that produce heat are potential causes o 
fire if brought too close to or in contact 
with inflammable materials. Such appli- 
ances include electric irons, stoves, heaters, 
toasters, etc. Even an electric bulb can 
cause a fire if it comes in contact with à 
curtain or paper shade. This can be eas- 
ily shown by placing a piece of paper e 
a lighted 100-watt bulb. The paper wil 
very shortly scorch. In doing this experi- 
ment, conduct it over a sheet of asbestos; 
on a fire-resistant pad, or on the stone 
top of a science table. 


COPPERPLATING WITH ELECTRICITY 


The electricity from a dry cell can x 
used to copperplate metallic objects. O 
tain a strip of copper about 6" long 2A 
2” wide from the hardware store. ror 
the drugstore or hardware store porcher 
some copper sulfate (blue vitriol) ee 

Dissolve copper sulfate in a glass or in 
of water until the solution is a deep oo 
color. If the copper sulfate crystals ly. 
quite large, they will dissolve very slow b 
Therefore, it would be a good pain 
grind the crystals to a powder in a wn 
and pestle, or wrap them in a clean pom 
and break them up with a hammer. The 
add 5 drops of dilute sulfuric acid. 


Fig. 22-30 Copperplating a nail. 


drugstore can make up the solution for 
you, 

Punch a hole at one end of the copper 
Strip, and then bend this end over so that it 
oe d from one side of the glass. Con- 
en ell wire from the positive terminal of 
a cell to the hole in the copper strip; 
nee the Strip into the copper sulfate 
Bw I Obtain a large iron nail. Sand 
S at it is free of rust, and wash it with 
ies and water to remove any grease. A 

um wool pad containing soap will do 
Operations at one time. 

P irpo bell wire from the negative ter- 

iia] od the dry cell to the head of the 

other on the nail in the solution on the 

bs dh € of the glass (Fig. 22-30). Do not 

4 nail and copper strip touch. 
with — while the nail will be plated 
the co Pper. Point out that the copper in 
the wee sulfate solution plates out on 
is ex : As the copper leaves the solution 
the "ei Out on the nail, more copper from 
Cop P dissolves to take the place of the 

Per that left the solution. 
copper Pang other metallic objects with 
the win lways connect these objects to 
mina] © coming from the negative ter- 
9f the dry cell, 


Fi 
«1g. 
22.31 Producing 


electrici 
light, Sity from heat and 


clean nail 


copper sulfate solution with 
a few drops of sulfuric acid 


ELECTRICITY FROM HEAT AND LIGHT 

Under special circumstances heat and 
light may produce electricity in small 
quantities. Cut a piece of wire from a 
metal coat hanger. Scrape all the paint off 
with some sandpaper. Cut a similar length 
of bell wire and remove all the insulation. 
Now with pliers twist one end of the coat 
hanger wire together with one end of the 
copper bell wire. Connect the other ends 
of the wires to the wires of a compass gal- 
vanometer (Fig. 22-31). Now heat the 
twisted ends of the wires in a candle flame 
or, preferably, in a hotter Bunsen burner 
flame. The compass needle will deflect, 
showing the presence of an electric cur- 
rent. 

Bring a photoelectric light meter into 
class. Point out that the meter contains a 
cell or tube inside. This cell is coated on 
the inside with a metal, such as selenium, 
which is sensitive to light (photosensitive). 
When light strikes the cell, a flow of elec- 
trons (electricity) leaves the selenium. The 
more intense the light, the greater the flow 
of electrons. Demonstration photoelectric 
cell units may be obtained from commer- 
cial supply houses. These cells can be used 
to turn light off or on, open a door, or ring 


note: scrape wire clean before 
exposing to flame 


iron (coat hanger wire) 
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18" 


Fig. 22-32 How to wire the back of an electric 
question-and-answer board. 


a bell. One very common use of photoelec- 
tric cells is to open the doors in supermar- 
kets, hotels, and railroad stations. 


FUN WITH ELECTRICITY 


The children may like to make their 
own model of a street lighting system. The 
poles are made by nailing rectangular 
pieces of wood to a square base and then 
attaching small cross Pieces. Two glass 
pushpins on each cross piece serve as insu- 
lators around which the bell wire is fas- 
tened. Miniature porcelain sockets con- 
taining two-cell flashlight bulbs (3 volts) 
become street lamps. The lamps are con- 
nected in parallel. The bare ends of the 
wires from the porcelain sockets are con- 
nected to exposed portions of the bell wire, 
Then all the bare portions are wrapped 
with black adhesive tape. A switch and 
two dry cells complete the circuit. 

Some children may prefer to wire a doll 
house for electricity. Miniature porcelain 
sockets can be placed in each room. Wired 
in parallel, Separate switches in each room 
will light up individual rooms one at a 
time. Some houses may even have a mas- 
ter switch and also a fuse box. 
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[3 


tric 
Fig. 22-33 Setting up the front of the elec 
question-and-answer board. 


` An electric question-and-answer board 
can be both instructive and in prt 
Obtain a piece of thin plywood or eed 
wood about 18" square. Draw four ve ‘i 
cal lines at the 3, 6, 12, and 15” i 9 
Draw five horizontal lines at the 3, ee 
12, and 15” marks. At the points pen 
the lines intersect, screw in brass ena 
hooks. The cup hooks should be d 
enough so that the ends of their po 
Protrude beyond the plywood T: é 
Screwed all the way in. Now turn nds 
board around so that the protruding ack 
of the cup hooks face you. This is the ids 
of the board. With a black crayon, D^ ht 
ber the two rows of hook ends on the ne 
from 1 through 10. Letter the two "Cut 
of hook ends on the left from A to J- 20” 
10 lengths of bell wire, each about t 
long, and strip the insulation from 
ends of each wire. — 
From the hardware store SDA i o 
dozen small alligator clips. The e al- 
the bell wires can be connected to t i 
ligator clips, and the clips may the nds- 
clamped onto the protruding hook ‘tions 
Decide which number-letter nel ac 
you want to use and attach the ie you 
cordingly (Fig. 22-32). For examp'e: 


may want to connect hook #2 to hook E. 
Write down on a card the 10 combina- 
tions you have selected. 
ny turn the board around so that the 
à oks face you. This is the front of the 
oard. Use two strips of tin or any other 
Ein to attach a dry cell to the bottom 
ae € board. Attach a porcelain socket 
ifa ides flashlight bulb (11% volts) to 
ha Fa of the board. Connect the bulb to 
Cy. ny cell, leaving two wires loose as 
er n in the diagram (Fig. 22-33). To the 
nds of these loose wires attach alligator 
clips. 
Nen take 10 3” x 5” cards and cut 
Dew in half. Punch a hole in the top of 
153 card. On 10 of these half cards write 
welt di questions. On the other 10 
Sic e 10 answers. Referring to your list 
b oii oa combinations, slip the 
left ion cards on the cup hooks in the two 
Ows and the appropriate answer cards 


CAPSULE LESSONS 


at pus Have the children recall experiences 
ead ES that produced sparks on a dry day. 
Domen © a discussion of how and why this phe- 
223 took place. 
Wool, fu Rub a thin piece of Styrofoam with 
Against d or nylon. Then place the Styrofoam 
Wall for ji wall. The Styrofoam will stick to the 
this ha a long time. Raise the problem of why 
2 ppens. 
dren mul MN what happens when the chil- 
nature of te ‘i on a dry day. Discuss the 
reason = e crackling sound produced and the 
Charged y the hair won’t stay down. Bring a 
e balloon over the heads of some pupils. 
dear the hair stand up on end? 
Wool, or a a hard-rubber comb with nylon, 
Some len ur and bring the charged comb near 
Teads gths of nylon thread. Discuss why the 
Snakes, can be made to weave to and fro like 
22. y 
the SS Discuss what causes lightning and how 
Ship etie pes formed. Find out the relation- 
Produced sd the lightning flash and the spark 
rom a charged object in the room. 


on the cup hooks in the two right rows. 
The question-answer board is now ready 
to use. 

Have the child clip one cup hook con- 
taining a science question. Then let him 
clip a hook which he thinks carries the 
answer to the question. If the child has 
answered the question correctly, the bulb 
will light up. 

You may make up any number of ques- 
tions and answers. Also, you may want to 
change the combinations, so that the chil- 
dren will not tend to connect the “right” 
hooks rather than try to select the right 
answer. 

You may want to substitute a bell or 
buzzer for the light bulb. Or you may 
even prefer to cut out an owl's head. 
Place two bulbs (connected in series) 
where the eyes should be; if the correct 
answer is selected, the wise old owl’s eyes 


will light up. 


22-6 Discuss the different situations where 
sparks for charged objects can be a safety haz- 
ard. Call the children's attention to the chain 
that usually dangles from the rear of a gasoline 
truck. Ask the children to explain the purpose 
of the chain. 

22-7 Have the children make a list of all 
the electrical appliances used in their homes. 
Plug one such appliance into an electrical cir- 
cuit and trace the flow of electricity from the 
outlet into and out of the electrical appliance. 
Discuss and study electrical circuits. 

22-8 Bring an assortment of electrical 
switches to class. Find out how the switches 
work. In what ways are they alike? How do 


they differ? Discuss the reasons for using 


switches. 
22-9 Take a porcelain lamp socket apart. 


You may have to break the porcelain. Show 
how wires are built into the socket to conduct 
the electric current into and out of the socket. 
Discuss the use of porcelain for the socket and 
also the need for a completed circuit for the 
bulb in the socket to light up. 
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22-10 Take a worn-out flashlight or dry cell 
apart. Use a hammer and chisel, screwdriver, or 
hacksaw and separate the cell lengthwise so you 
can get a good cross section of the cell. Study the 
composition of the cell and the function of each 
component and chemical. 

22-11 Bring in two sets of Christmas lamps: 
one arranged in series and the other arranged in 
parallel. Study the way they are set up. Plug the 
sets in and observe what happens when one bulb 
is removed. Lead into a study of series and par- 
allel circuits. 

22-12 Bring in a variety of lamp bulbs of 
different wattages and designed to operate at 
different voltages. Let the children examine the 
different parts of the lamps. Break one bulb in- 
side a cloth or bag (Caution.) and observe the 
characteristics of the filament. Compare new 
and worn-out bulbs. Study the construction 
and operation of electric lamp bulbs. 

22-13 Discuss the purpose of insulation on 
wires that carry electricity and the reason why 
the ends of such wires are stripped bare when 
connected into a circuit. Lead into the study of 
electrical conductors and nonconductors. 
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22-14 Discuss reasons why an electrical de- 
vice should never be taken apart or adjusted 
while the electric current is on. Lead the pupils 
into a study of electrical safety. Make a list of 
unsafe practices in the use of electricity. List 
safety rules to observe. 

22-15 Arrange for an electrician or other 
competent person to take small groups of pupils 
to see the master control panel, fuse boxes, elec- 
tric meter, etc., in the school. When the pupils 
return you might bring up either electrical cir- 
cuits, fuses, or electrical safety. 

22-16 Break up or take apart blown-out 
fuses and new fuses. Find the wires built into 
the socket. Show how these wires serve to con- 
duct the electric current into and out of the fuse. 
Examine the metal strip which acts as the fuse. 
Discuss the essential properties of a fuse. 

22-17 Make a list of electrical appliances 
that produce other forms of energy, such as heats 
light, sound, mechanical energy, etc. Study the 
various uses of electricity. 

22-18 Electric trains are excellent for study- 
ing electricity. They can be used to study aD 
electric circuit, wiring, insulators, motors, etc. 


Morgan, Alfred, A First Electrical Book for Boys 
Scribner’s, 1954, Discusses what electricity 1° 
where it comes from, and its uses. » 

———; Things a Boy Can Do with E MS 
Scribner's, 1940. Contains experiment s 
both static and current electricity. T 

Yates, Raymond F., A Boy and a Battery, Harp? 
1942. Experiments on electricity using ^ 
cell and simple materials. 

——— Atomic Experiments for Boys; 
1952. Information and experiments on 
tricity. 
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TELEGRAPH 
A tin-can telegraph 


gee is more fascinating to children 
The t te operation of a telegraph set. 
mi will spend hours on it, sending and 
hate oe messages in Morse code or in 
o Own secret codes. There are two 
Mud. a telegraph set, the key and the 
din er. These can be bought in toy 

Sta; Also both are quite easy to make. 
v ise with the sounder. Obtain a piece 
di i 6" x 5" x 1⁄2"; obtain a block of 
"e about 3" x 2" x 2". Nail the 
de er block of wood to one end of the 

Scr piece of wood. 

ee two iron nails about 2⁄2” long. 
"ia em into the other end of the piece 
25 en » about 11” apart. Obtain about 

Insulated magnet wire (#22 or 20 
wire). (It might be a good idea to buy 
I of this wire because you will find 

Y uses for it. It is obtainable from 


bel] 
a Spi 


Fig, 23.1 


^ telegraph, A homemade 


radio and TV repair shops and from 
hardware stores.) You will also need two 
dry cells, preferably 1'-volt cells with 
the threaded binding post terminals at the 
tops. 

Use tin snips or an old pair of scissors to 
cut a T-shaped strip from an empty tin 
can. The thinner and more springy the 
metal, the better it will work. The strip 
should be about 5” long, with the body 
of the T about 1” wide, and the head of 
the T about 2%” wide. Trim, file, or 
emery-cloth the edges if they are sharp. 
Wind the wire around each nail as shown 
in Fig. 23-1A. Note the special way of 
winding the wire. Wrap the wire around 
one nail, from top to bottom, in a clock- 
wise direction. Then wrap the wire around 
the second nail, from bottom to top, ina 
counterclockwise (or opposite) direction. 
Wind about 20-25 turns of wire around 


each nail. 
Now punch a hole with a nail at the 


424 magnet wire 
iron sheet from tin can 
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50 turns #22 or 24 magnet wire 


= 


Niron hinge 


// NI 


Fig. 23-2 A hinge telegraph. 


long end of the T-shaped strip and screw 
the metal strip to the block of wood. The 
head of the T should be about %” above 
the two nail heads. This distance from 
the nail heads may have to be adjusted 
later when you try out the telegraph 
set. 

Now you are ready to make the tele- 
graph key. Obtain a piece of wood about 
5" x 3" x 2”. From a tin can cut a strip 
of metal about 5" long and 1" wide, and 
trim the edges if necessary. Punch a hole 
with a nail in one end of the strip. Fasten 
the metal strip to the block of wood with 
a Screw driven almost all the way in. 
Bend the metal strip back so that the 
strip is at an angle and does not touch 
the wood (Fig. 23-1B). At the other end 
of the piece of wood insert a screw. Do 
not drive the screw all the way in; leave 
about 14” exposed. 

Now connect the key and sounder to 
the dry cells as shown in Fig. 23-1C. 
Press down on the metal Strip in the key, 
The T-shaped metal strip will hit the two 
nail heads with a click. Release the key 


and the metal T will Spring back. You 
may have to adjust the distance between 
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the T and the nail heads to get a good 
click; do this by bending. 

Point out that the key is just a simple 
Switch, which either opens or closes the 
electrical circuit. Also note that the wire- 
covered nails become an electromagnet 
when electric current flows through them. 
Have the children trace the flow of electric 
current when the key is closed. 

Help the children understand that, 
when the key is closed, the wired nails 
become an electromagnet which attracts 
the head of the T-shaped strip. When the 
key is released or open, the electrical cir- 
cuit is broken. The wired nails no longer 
become an electromagnet, and the head © 
the metal T is released. How long yon 
keep the key pressed down will determine 
the time between clicks. In Morse co : 
with a telegraph sounder a long space a 
tween clicks is called a dash, and a shor 
Space between clicks is called a dot. i 

You might like to put a long screw be 
tween the two wired nails (Fig. ae 
Adjust the height of the screw so that t r- 
head of the T just touches the unie 
neath part of the head of the screw. No . 
when the key is released, there will be a” 


Fig.23-3 A bubble tele" 
graph. 


other click when the metal T springs back 
and hits and is stopped by the head of the 
Screw. This makes the telegraph set more 
efficient. 


International Morse Code 

Following is the code which is most in 
use today. Added are some short expres- 
Sions which the children might enjoy 


learning. 

| 
PR 

g M—— 

D N 

E. a 

P van, Pa 
à "EN 
Hi.  -— =i 
T oa "din 
MINE A. = 


S " 
hort €Xpressions in International Morse 
Code 


code 
— K 


meaning 

End of message, 
go ahead and 
answer 

Message received 
and under- 
stood 

Sign off—no ack- 
nowledgement 
necessary 

Error, will resend 
word 

Beginning of 
message (U.S. 
Navy) 

Unknown person 
(or ship), Who 
are you? 

From 

After person has 
sent a word. 
Used mostly to 
mean, "I have 
received and 
understood the 
last word you 

P sent." 

N Negative—no. 

A Affirmative—yes 

Repeat 

End of message, 
have you re- 
ceived and un- 
derstood what 
I sent? (U. S. 
Navy) 


letters 


= R 


aoe AR 


Series of dots 


"Se BT 


bo AA 


is M 
Single dash with 
light 


A hinge telegraph 

Make a U-shaped frame from three 
pieces of wood, as shown in Fig. 23-2. 
From the hardware’or ten-cent store ob- 
tain an iron or steel hinge. Screw the 
hinge to the upright piece of wood. The 
hinge should move up and down easily. If 
necessary, add a few drops of lubricating 
oil to the joint. 

Drive a nail into the bottom piece of 
wood until the loose part of the hinge just 
rests horizontally on the nail head. Insert 
a long screw into the upper piece of wood 
so that the head of the screw is just above 
the loose part of the hinge when it rests 
upon the nail. There should be about %” 
of space between the head of the screw and 
the hinge. 

Now wrap at least 20-25 turns of insu- 
lated magnet wire (#24) around the shank 
of the screw. Connect the ends of the wire 
to two dry cells (in series) and a key. 
When the key is closed, an electric current 
flows through the wire wrapped around 
the screw and forms an electromagnet. 
The screw then attracts the hinge and 
causes a click. When the key is opened or 
released, the current stops flowing, and 
the hinge drops back on the nail head, 
producing a second click. Adjust the dis- 
tance from the head of the screw to the 
hinge until you get the best results. 


A bubble telegraph 

Obtain four 1!2-volt dry cells and con- 
nect them in series with #18 bell wire. 
Remove 6-8" of insulation from each 
end of the bell wire. Fill a clear glass tum- 
bler about three fourths full of water. Dis- 
solve as much table salt as you can in the 
water. 

Place the stripped copper wires into the 
salt solution (Fig. 23-3). The ends of the 
wires should be about 1" from the bottom 
of the tumbler. Insert a telegraph key or 
switch into the electrical circuit, and your 
bubble telegraph is ready to operate. 
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Fig. 23-4 A clothespin telegraph key. 


When the key is closed, an electric cur- 
rent flows through the solution. Bubbles of 
gas will be formed at one of the exposed 
wires. If the key is closed a long time, a 
long stream of bubbles or a dash will be 
produced. If the key is closed a short time, 
a short stream of bubbles or a dot will be 
produced. 


A clothespin key 


Obtain a spring-type clothespin. Push 
two tacks into the inside portion of the 
clothespin (Fig. 23-4). Push the tacks al- 
most all the way in. Now wrap wires 
around each tack and connect the wires to 
a telegraph sounder and two dry cells (in 
series). Pressing on the clothespin will com- 
plete the electrical circuit, while releasing 
the pressure will break the circuit. 


A two-way telegraph 


The children might like to send mes- 
sages from one end of the room to the 
other. Or they can even send messages 
from one room to another. Make two 
tin-can telegraph sets (sounders and keys) 
as described in this chapter. Obtain an 
ample length of magnet wire and set upa 
two-way system (Fig. 23-5), 
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Call the children’s attention to the fact 
that the person who is receiving must keep 
his key down. Otherwise the electrical cir- 
cuit will be broken, and no clicks will be 
produced. You can show this by tracing 
the flow of electric current through the 
circuit. 

Also the electric current becomes weaker 
when it has to flow through a longer dis- 
tance. This means that the electromagnet 
formed will also be weaker. If this hap- 
pens, increase the strength of the current 
by connecting more dry cells in series. 

Of course, you may wire the sets inde- 
pendently so that the receiver does not 
have to hold his key down when receiving. 
This takes as much wire as the circuit 
shown in Fig. 23-5. The same batteries 
can be used for both circuits. 


A buzzer 


Make a tin-can telegraph set (including 
the screw which touches the gin am 
metal strip) as described earlier. Howen 
connect the wires differently, as show? ! p 
Fig. 23-6. Note that a wire is now wn 
nected to the long screw which touches EF 
head of the metal T. Another wire is CO s 
nected to the smaller screw which g” 
the metal strip to the block of wood. so 
a screwdriver to raise this screw à nm it. 
that the wire can be wrapped aroun l 
Also make sure the head of the meta 
is touching the underneath part o 
head of the long screw. k 

Now when the key or switch is € 
a buzzing sound will be produced. I ad 
buzzer does not operate immediately» 


losed: 
f the 


way 
Fig. 23-5 A we" 


telegraph system- 


Fig. 23-6 A homemade 
buzzer, 


oa the distance between the head of the 
T and the wrapped nails. Also make sure 

€ head of the T is touching the screw. 
i the electric current as it flows 
e ugh the circuit. It goes through the 
boit Screw, the metal T-strip, and through 
the b apREc wires. It also travels through 
the io eal ap into the cell again. Call 
wired ren’s attention to the fact that the 
nies 2 become an electromagnet 
E win a electric current flows through 
Dis Ej: electromagnet then attracts 
Bed a of the metal T and pulls it down- 
iin, elp the children understand that 
Poids etal strip now does not touch the 
cal dun longer. This breaks the electri- 
añ wen The nails no longer behave as 
relem fe and the metal strip 1s 
the ane The strip springs back, touches 
pleted €w again, and the circuit is com- 
2 ecm The nails become mag- 

reak gs attract the metal strip, and 
Pens a € circuit again. This process hap- 
Series ks and again, producing a rapid 
sound clicks, and thus making a buzzing 


paper microphone: 


Fig. M ae une at AN 


Phone. A cigar-box tele- 


Electric bells work the same way as an 
electric buzzer. Obtain an electric bell 
from the hardware store, remove the cover, 
and examine it. Connect it to one or two 
dry cells and a switch. Watch the metal 
spring move back and forth very rapidly, 
causing the hammer to strike the bell. 
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A cigar-box telephone 


Obtain a cigar box, preferably a aus 
one, and two double-edged razor blades. 
Force both razor blades into the top of the 
cigar box so that they stay upright (Fig. 
23-7). The blades should be about 172" 
apart and placed along the grain of the 
wood so that they will stay more securely 
in position. 

Remove the insulation from the ends 
of two pieces of bell wire (#18). Wrap 
one end of each wire securely around a 
hole of the razor blade. Insert two small 
screws partially into the cigar box and 


wrap each wire around a screw. This will 


—— 
m 
ZS sound waves 


eo pencil "leads" 
cork stopper 
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prevent tension on the wires from pulling 
the blades out of their position in the box. 

Now split a #2 pencil lengthwise and 
remove the piece of carbon or “lead.” Cut 
two sections of carbon about 2” long and 
place them across the sharp edges of the 
razor blades. 

Obtain a telephone receiver. The tele- 
phone company should have a supply of 
discarded ones. If a receiver is unavail- 
able, get a set of headphones from a radio 
repair shop. The headphones have the 
added advantage of eliminating distract- 
ing noises. 

Connect the wires from the blades in 
the cigar box to the telephone receiver 
and also to a source of current, as shown 
in Fig. 23-7. For your source of current 
you may use four dry cells connected in 
series, a 6-volt storage battery, a 414-volt 
A battery from a portable radio, or a 9- 
volt transistor battery. 

Your cigar-box telephone is now ready 
to use. Test it for reception first. Put the 
receiver to your ear and roll the pieces of 
carbon gently over the edges of the blades. 
You should hear noise which is very much 
like static on the radio. Then place a loud- 
ticking alarm clock with its face up on the 
cigar box. Listen in on the receiver while 
you adjust the position of the pencil car- 
bons on the blade edges. Try to find a sen- 
sitive position which enables you to hear 
the clock ticking very loudly. 

Now take the receiver some distance 
away from the cigar box. Have one child 
lean over the box and talk very distinctly 
at the pencil carbons. Another child, with 
the receiver to his ear, will hear the words 
quite distinctly. The child with the re- 
ceiver should put his finger to the other 
ear if the receiver is fairly near the cigar 
box. This should not be necessary when 
the receiver is a long way from the cigar 
box or when earphones are used. 

Place buzzing insects (flies or grass- 
hoppers) inside the cigar box. The sounds 
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they make will be heard quite clearly in 
the telephone receiver. f 

Cut a hole about 1!^" in diameter in 
each end of the cigar box (Fig. 23-7). 
Make a megaphone or mouthpiece from 
the cardboard tube of a paper towel roll 
or from a cone-shaped paper cup with 
the bottom cut off. Insert the megaphone 
into one of the holes and attach it firmly 
with sealing wax, chewing gum, or glue. 
The children can now speak into the 
mouthpiece when they transmit messages. 
If they like, the children can place the 
cigar box in another room and *eaves- 
drop” on what is going on there. 


How the telephone works 


The children will wonder how the cigar- 
box telephone is able to reproduce thie 
human voice and send it over a wire to the 
receiver. Let them trace the electric cur- 
rent as it flows from the cells to one of the 
razor blades, across the pencil carbons ro 
the second blade, then through the wire to 
the receiver, and back again to the cells. 

Help children conclude that the sour‘ 
waves of the voice make the cigar box VI^ 
brate. If a child rests his fingers lightly °” 
the box while you speak, he will be able t? 
feel the vibrations. 

Explain that the vibrating of the oi 
causes the pencil carbons to rattle or V 
brate also. Show this by rubbing the E 
of the cigar box with your finger. The i 
bration affects the amount of contact A 
the pencil carbons with the edges of t t 
razor blades. This will cause the amou”? 
or strength, of the current flowing throug 
them to vary, a 

Obtain a small round box, such an 
thumbtack box or a pill box. Also s 
two iron washers and carbon part! r- 
from an old dry cell. To make carbon P? 
ticles, remove the carbon rod from A es 
cell and break it up into small Ps 
about %” in diameter. Fasten the striPP 
end of some bell wire to one washer ? 


( 


Fig. 23-8 The pressure on carbon 
Particles affects the flow of electricity. 


Te 


washers 


Place the washer in the bottom of the pill 
box. Then cover the washer with a layer 
of carbon particles. Attach the stripped 
end of another piece of bell wire to the 
Second washer. Place the second washer 
on top of the layer of carbon particles. Now 
attach both wires to a two-cell flashlight 
bulb and two dry cells (Fig. 23-8). Apply 
varying degrees of pressure to the second 
Nea and notice the effect it has on the 
rightness of the bulb. 
s children should now realize that 
ths ii the carbon is pressed together, 
de etter the flow of electric current, and 
tele na Point out that in the cigar-box 
es one the vibrations of the pencil car- 
on eet the strength of the electric cur- 
n the very same way. 
"d can obtain a telephone trans- 
Gf ar 7, open it up. Note the tiny particles 
a a ated carbon present. These par- 
is E in contact with a disk, called a 
Phragm, that can move in and out. 
disk siete waves of the voice cause the 
Pressun, move in and out. This varying 
ee re against the carbon particles 
Stre $ the electric current to change in 
ngth continuously. 
" in an alarm clock, a dry cell, a set 
al imei sae and a strip of copper 
k long and 112” wide. You can get 
€arphones from a radio and TV shop, 


Fig, 23.9 


How 
Ti a tel 
'Ansmi . ephone 


orks. 


carbon particles 


and the copper strip from the hardware 
store. Remove the carbon rod from an old 
dry cell and break it up into small pieces. 
Bend the copper strip in half; with a nail, 
punch a small hole at one end. 

Lay the clock face downward on the 
table. Spread the small pieces of carbon 
rod on the metal back of the clock. Set the 
bent copper strip on top of the carbon 
particles (Fig. 23-9). Connect a length of 
bell wire from the hole in the copper strip 
to one of the earphones. Connect a second 
length of wire from the other earphone to 
one terminal of the dry cell. Then connect 
a third length of wire from the frame of 
the clock to the other terminal of the dry 
cell. Now adjust the copper strip over the 
carbon particles until you can hear the 
clock ticking clearly in the earphones. 

Point out to the children that you have 
just made your own telephone transmit- 
ter. Help them understand that the elec- 
tric current flowing through the circuit is 
small because the carbon particles offer 
great resistance. When the clock ticks, it 
sets up sound vibrations. The vibrations 
of the metal back cause varying pressure 
against the carbon particles, which, in 
turn, varies the strength of the current 
flowing through the carbon. Thus, the 
electric current varies whenever the pres- 
sure against the carbon particles varies. 
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In turn, the pressure on the carbon par- 
ticles varies whenever the vibrations due 
to the sound vary. In this way the differ- 
ences in sound are transmitted to the re- 
ceivers of the earphones. 

Obtain an old telephone receiver. Open 
it up and examine its parts. Notice the 
sheet iron disk and the electromagnet in 
it. Test the electromagnet with some iron 
objects for permanent magnetism. Point 
out that in the telephone receiver the elec- 
tromagnet is made by winding coils of 
wire around a permanent magnet. In this 
way, the iron disk is always attracted to 
the magnet. However, this magnetic at- 
traction will become stronger as the elec- 
tric current becomes stronger, and weaker 
as the current becomes weaker. This 
causes the iron disk to vibrate in accord- 
ance with the changes in current. The vi- 
brations of the disk produce sound waves 
which are identical to those which were 
originally created. 

Connect a telephone transmitter and a 
receiver to four dry cells set up in series 
(Fig. 23-10). Use several feet of bell wire 
between the transmitter and receiver. One 
child can talk into the transmitter while 
another child listens. 
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N 4-100 turns thin magnet wire 


i) 


Fig. 23-10 A one-way 
telephone system. 


Insert a compass electric current detec- 
tor, or a regular galvanometer, into p= 
circuit (Fig. 23-10). The directions a 
making the compass galvanometer can be 
found in the section, “Detecting Electric 
Currents,” in Chapter 22. While one 
child talks into the transmitter, have 
the class observe the action of the needle 
in the detector. Notice how the deflection 
of the needle varies when the child tall 
loudly, then softly. Remove the mp 
phragm of the transmitter and push a 
the button with a pencil. Vary the pre ; 
sure on the button and notice the effect 
on the needle deflection in the galv4 
nometer. i 

The children should now be able to 
understand clearly that varying E 
on the carbon particles in the transmit sl 
causes the strength of the electric wen 
flowing through the circuit to vary- ast 
affects the strength of the electromag a 
in the receiver. As a result, the iron it 
or diaphragm vibrates in accordance an 
the change in strength of the electro™ 
net. — 

Obtain a dry cell, telephone rece i 
iron file, and bell wire. Attach one mE à 
of wire to the receiver and to the dry © 


e pro 
Fig. 23-11 How sound waves 9" 


duced in a telephone receiver- 


pencil "leads: 


razor blades 


Fig. 23-12 A two-way telephone system. 


it sd second length of wire from the 
third "€ the handle of the file. Attach a 
$ odi td wire to the other pole of the 
31 1) leave the other end free (Fig. 
Wiss An ow scrape the free end of the 
When xS the file and note the effect 
h u listen in the receiver. 

tition oo varies because electrical 
touches Fs made only when the wire 
ume ae As the strength of the 
het chan ries, the receiver's electromag- 
tö nies a thus causing the receiver disk 
- This produces the sound waves. 


A tw 
9-way telephone system 


-— 1 ipii d telephone system as 
telephone ig. 23-12. Use two cigar-box 
dren wem. and two receivers. The chil- 
— AT using this system both in 
oom and in two different rooms. 


Sh 


RA 
DIO AND TELEVISION 


R 
Pop repeat the experiments in the 
Field» Current Produces a Magnetic 
a Wire D ME 91. Point out again that 
Üisgootie Act: an electric current creates 
ing Heer, d. Thus, a vibrating or pul- 
ic current traveling in a wire 


will send out electromagnetic impulses or 
waves. 

Also recall or repeat the experiments on 
generating an electric current from a coil 
and a magnet. These experiments are 
found in the section, *Generating Electric 
Current in a Magnetic Field," in Chapter 
22. Point out that this is a way of con- 
verting electromagnetic waves back to 
electricity again. 

In radio, the sound waves are converted 
to a pulsating or vibrating alternating 
electric. current. The electric current 
causes electromagnetic waves to be sent 
out from the antenna of the radio station. 
These electromagnetic waves reach the 
antenna in the radio set and are then con- 
verted back to electricity. The speaker 
converts the electricity back to sound. 

In television, light waves are converted 
to a pulsating current which sends out 
electromagnetic waves. These waves travel 
to the antenna on the roof and enter the 
television set. Here the electromagnetic 
waves are converted back to electricity 
and then to light waves again. The sound 
is transmitted in the same way as is done 
for radio. 


You may want to show the children 
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*I5w fluorescent bulb 


C wire 


\induetion 4 


coil É 
switch 


Fig. 23-13 Sending electricity through the air 
without wires. 


that electricity can be sent through the air 
without wires. Obtain an induction coil 
from a scientific supply house, a radio or 
TV repair shop, or the high school 
physics teacher. A Fordson Model TT 
tractor coil or Ford Model T ignition coil 
will also serve; they can be obtained by 
mail order only from Sears Roebuck Com- 
pany or Montgomery Ward Company. 
The induction coil is used to develop a 
high voltage. 

Run some bell wire across the whole 
length of the room. This wire should be 
connected at each end to a nonconductor 
such as wood. If the room has no wood, at- 
tach the ends of the wire to thick rubber 
bands. The object is to insulate both ends 
of wire. 

Connect the primary of an induction 
coil to a source of direct electric current 
and a switch (Fig. 23-13). Four dry cells 
connected in series will supply enough 
current, as will a 6-volt storage battery or 
10 volts from an electric toy train trans- 
former. Then connect a length of wire 
from one terminal of the induction coil 
secondary to a small bared spot in the 
wire extending across the room. Attach 
another length of wire to the other termi- 
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nal of the induction coil secondary and 
"ground" the other end of the wire by 
tying the end, from which the insulation 
has been removed, to a radiator or pipe. 

Now close the switch and hold a 15- 
watt fluorescent tube near and parallel to 
the length of wire strung across the room. 
The tube will light up, showing that elec- 
tromagnetic waves are being sent out by 
the wire. . 

You can also bring in a portable radio, 
tune it to a silent spot, and bring it e 
a lighted fluorescent tube. The radio wi 
pick up hiss and static from the tube. ] 

You can show that the picture in a tele 
vision set is made up of electron impulses 
which are being converted to light AES 
pulses. Bring a strong magnet near o 
window of the television set. Move t : 
magnet back and forth. This will p 
the lines of electron impulses, and t : 
picture will wiggle and move. The BE 
netism is bending the beam of prt 
that are “painting” the picture on the 
Screen. 


Making a crystal set 


Some of the children may be interested 
in making a crystal set. The materials ro 
not too expensive, the set is easy to ma^ 
and the result is well worth the effort. re 

Obtain a piece of wood about 8” s 
and '2” thick. From the radio store ann 
a spool of #27 or 28 insulated copP E 
wire, a pair of earphones, a crystal n 
detector, and a variable condenser. UE 
obtain a piece of cardboard tubing epe 
Paper towel roll. The tubing shoul 
about 6” long and 114-2" in GINE. 

Although it is not absolutely ONE 
it might be a good idea to shellac oT ju 
nish the wood and the cardboard oe ot) 
First dry the tube in a warm (not se 
oven. The shellac will seal the pores € i 
prevent moisture from being abe a 
This treatment will help make the tu the 
better insulator. Also it will prevent 


fo antenna to ground 


condenser -— 
(station selector) 


bolt with two nuts” 


(pipe, radiator) 


crystal diode detector 


Fig. 23-14 A homemade crystal set. 


inet from shrinking or expanding with 
nc in temperature and humidity, 
» causing the wire wrapped around it 
OOsen. 
"hi unwind a long piece of wire from 
is ns With a sharp thin nail make 
uibs c at each end of the cardboard 
in f 1g. 23-14). Push about 8" of wire 
hebr 5 of the two holes, then up and 
ola a the second hole. This will help 
the A wire firmly in place. Now hold 
hand 2 ei the end of the wire in one 
side : Wrap about 80-100 turns side by 
UL around the core. 
" Y cut the wire, leaving about 8” to 
dior ub the end of the wire into one 
eond Fa holes, then up and through the 
tight Se Draw both ends of the wire 
piece a ace the coil on one end of the 
with a i and fasten it to the board 
ful that a at each end. Be care- 
Part of e thumbtacks do not touch any 
A the wire. 
Ta 2 end of the cardboard tube 
Piso — for the insertion of a bolt. 
ofthe t € variable condenser in front 
tector tube and then put the crystal de- 
3-14). front of the condenser (see Fig. 


Wi Lu 
of the 2 the 8” lengths of wire at each end 
ire t tube around the bolts. Connect one 
© a binding post of the crystal detec- 


or, A 
ttach the second wire to one of the 


tips of the earphones. Another length of 
wire is then needed to connect the other 
tip of the earphone to the second binding 
post of the crystal detector. Now trace the 
circuit to make sure it is complete. Radio 
waves will travel from one bolt to the crys- 
tal detector, across the detector into the 
earphones, then through the earphones, 
and back to the second bolt. 

Now wrap a second short length of wire 
around each bolt. Attach one wire to the 
condenser post which is connected to the 
stationary plates. Attach the other wire to 
the condenser post which is connected to 
the plates that turn. By turning the plates 
of the condenser in and out of each other, 
you are able to select stations. 

For good reception you will need an 
antenna or aerial. Use at least 100’ of 
wire. The longer and higher the antenna, 
the better the reception. Attach one end of 
the wire to the roof or a tree and connect 
the other end to one of the bolts. Now 
“ground” the crystal set by wrapping 
another piece of wire around the other 
bolt and then connecting it to a radiator 
or pipe. The antenna must have insula- 
tors at each end. 

Your crystal set is now ready to operate. 
Turn the movable plates of the condenser, 
while listening carefully with your ear- 
phones, until you find a spot which brings 
you the best reception from a radio station. 
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CAPSULE LESSONS 


23-1 Bring a telegraph set into class and 
examine its construction and operation. Lead 
into a study of how we communicate by tele- 
graph. 

23-2 Bring a buzzer or bell to class and ex- 
amine its construction and operation. Lead into 
the study of how electricity can produce sound. 

23-3 Take apart an old telephone transmit- 
ter and receiver, and examine their parts. Note 
the diaphragm and carbon particles in the trans- 
mitter. Also note the diaphragm and electro- 
magnet in the receiver. Lead into the study of 
the telephone. 
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23-4 Discuss radio and television. Describe 
in simple terms how sound and light are con 
verted to electricity in the radio and TV station, 
and then back to sound and light again in our 
homes. Lead into the study of how sound and 
light can be converted to electricity, and then 
back again to sound and light. 

23-5 Visit a telegraph office, telephone 
building, radio station, or television saia 
Learn about its operation. Lead into the study 
of how we communicate with electricity. 


Freeman, Ira M., All About Electricity, Random 
House, 1957. Contains section on the oR 
tion of the telephone, radio, and television PY 
means of electrical power. 3 

Hogben, L. T., The Wonderful World of Commu 
calion, Garden City, 1959. n 

Irving, Robert, Sound and Ultrasonics, gests 
1959. Although this book deals primarily W" 
the nature of sound and high-frequency 
sounds, there is a special section on ho 
sounds are recorded and transmitted. 

Morgan, Alfred, The Boy's Second Book fh 
and Television, Scribner’s, 1957. Advance 
clear treatment of radio and television. sei 

Yates, Raymond F., Boy’s Book of Magne! sois 
Harper, 1959. Includes explicit instruct 
on how to make simple telegraph sets 
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Atoms and radioactivity 


io dams any grade, pupils are certain 
tlie es questions concerning atoms and 
Es Lesen of atoms. Since the atom 
Soi. rons in the outer portions of its 
Work E E is necessary to review the 
behav; electrons and their nature and 
avior developed in Chapter 22. 
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Na build a model of the hydrogen atom, 
aid ome thin wire (copper is excellent) 
fue aa clay. Hydrogen has the 
i. est nucleus of all atoms, consisting of 
n ARR Take a small ball of clay 
his pe gm and mark a plus sign on it. 
cleus, ill represent the single proton nu- 
de short length of wire and pass it 
ea the center of the clay “nucleus.” 

p rds small circle of wire and attach the 
dhoun in wire across the wire circle as 
resents “9 Fig. 24-1A. The wire circle rep- 
the nuc] S orbit of the electron that circles 
ext cleus like a planet around the sun. 
iram we must add the planetary electron. 
àn m small ball of clay of another color 
e ri it to the wire “orbit.” Mark 
you ^is sign in the clay. Remember that 
Mae made a model billions of times 
T bran a hydrogen atom. You could 
Side b out 20 billion hydrogen atoms 

b Side along a line 1” long. 

Salled oy another kind of hydrogen 
eavy” hydrogen, the isotope 


known as deuterium. About one in every 
6000 atoms of hydrogen is heavier than an 
ordinary hydrogen atom. Let us build a 
model of a heavy hydrogen atom. Your 
model of ordinary hydrogen will be the 
starting point. Take another small ball of 
clay, the same size and color as your orig- 
inal “proton,” and to it add a smaller ball 
of clay the same size and color as your 
original electron. Now you have a proton 
and an electron. Place the two clay balls 
together. Imagine now that the plus charge 
of the “proton” has been neutralized by 
the minus charge of the “electron.” What 
you now have is a neutron. The neutron is 
only slightly heavier than the proton. Add 
your neutron to the nucleus. There is only 
one electron in the orbit just as in ordinary 
hydrogen. The new atom is twice as heavy 
because it contains both a proton and a 
neutron in the nucleus (Fig. 24-1B). 

Atoms of the same element that have a 
different weight are called isotopes. In the 
case of heavy hydrogen, notice that it dif- 
fers in weight from ordinary hydrogen be- 
cause it has an extra neutron. 

Heavy hydrogen is not radioactive; that 
is, it is stable and does not disintegrate or 
break down. There is also a triple-weight 
isotope of hydrogen called tritium. To 
make a model of this, add two clay neu- 
trons to the nucleus in addition to the 
proton. You can make a model of tritium 
as shown in Fig. 24-1C. Tritium breaks 
down and is therefore an unstable or ra- 
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dioactive isotope. Tritium is an essential 
part of a hydrogen bomb. 


Making complex atoms from simple 
atoms 


The sun contains tremendous amounts 
of hydrogen. The hydrogen combines to 
form helium, the second simplest atom. In 
forming helium, a tremendous amount of 
energy is released. This process, a chain of 
thermonuclear reactions on a grand scale, 
is the same as occurs in the hydrogen 


electron 
cS, SS 
proton cneutron 
© OO 
Hydrogen Deuterium 
(a) (b) 
C» C» 


G99- O20 


Tritium 
(c) 


bomb “fusion” reaction. Let us set up clay 
models of the atoms involved in this reac- 
tion. First make four models of ordinary 
hydrogen atoms (Fig. 24-1A). Each of the 
four hydrogen atoms contains one proton 
nucleus and one planetary electron. He- 
lium, on the other hand, has two protons 
and two neutrons in its nucleus and two 
planetary electrons. Now let us make 4 
model helium atom from the four hydro- 
gen model atoms. First we need two pro- 
tons. Take these from any two of the hy- 
drogen atoms. Next we need two neutrons. 
Combine one proton with one electron. 
Combine a second proton with another 
electron. You have now used two protons 
and two electrons to make two neutrons 
The two protons combine with the tw? 
neutrons to form the nucleus of the helium 
atom as shown in Fig. 24-1D. The two 
electrons that remain are planetary elec- 
trons. 

When four hydrogen atoms actually 
combine together to form helium, the four 
original hydrogen atoms weigh more than 
the helium atom that they form. This e 
peculiar kind of arithmetic. The Sm" 
amount of matter that seems to disappe™! 
changes into energy. This nuclear reaction 
which releases a tremendous amount g 
energy is the same as occurs on the SUP 


2nd (L) orbit, 8 electrons 


Lithium 


(e) 
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SR. dO 


Ist (K) orbit, 2 electrons 


Fig. 24-1 At" 


models. 


x 
neutrons / 


eo 


P d 
c 


b" — n 
Neon 
(f) 


and can only take place if the tempera- 
ture is over many millions of degrees. Get- 
ung atomic energy this way is called fu- 
slon—because smaller atoms fuse or com- 
bine to form a larger atom. The hydrogen 
bomb is a fusion bomb; the high tempera- 
ture needed to start the fusion process 
comes from an ordinary atomic bomb. 


P 
rotons, neutrons, and electrons by 
element 


"i poole 24-1, all the currently identi- 
ils ements are listed in the order of 
afan TE number. The atomic number 
» E ement and the number of protons 
Therefe its nucleus are one and the same. 
bee ore, hydrogen with one proton has 
nic mic number of 1, helium with two 
f ons has an atomic number of 2, and so 

Orth. 
ae use this table for model building, 
wish ha the element whose model you 
ichin, me ee, as, for instance, lithium. 
litium as 3 protons, 4 neutrons, and 3 
in (Fig. 24-1E). Notice. that the 
The s e in two different orbits, K and 
* Pig etter names for the electron or- 
Simile arbitrary. Table 24-1 tells you the 
side md een by orbit from the in- 
equals 4 he number of electrons always 
eXampj : number of protons. As another 
and iem ook up neon; it has 10 protons 
tom = Laine its atomic number is 10. 
in Ais 24-1 you further learn. that 
her electrons in the first (or K) or- 
bieres electrons in the second (or L) or- 

(Fig. 24-1F), 
tein draw models on a blackboard, 
otis parti oe colors of chalk for the vari- 
Outs ahi, es. Children may also make cut- 
Sten € three basic particles— protons, 
en cn _and electrons—and arrange 
pieces of paper or cardboard. 

modals”, materials for making atomic 
Boker ead be suggested. For instance, 
abeleq Ap of various colors can first be 
y children with crayon with +, 


yellow jelly beans 
as neutrons 


red jelly beans 
as protons 


1 
green jelly beans os electrons 


Fig. 24-2 


(nucleus held 
together by pins) 


Jelly bean atomic model of helium. 


— , and n, and then laid out on the desk. 
Jelly beans (some teachers find they are 
best preserved if they are first shellacked) 
and toothpicks can also be used to make 
models (Fig. 24-2). Older students can use 
wire, cardboard, wood, and beads to make 
standing models. Notice that the number 
of protons is marked on the center clay 
ball or wooden shape. You may also add 
the number of neutrons (12 for sodium, 
17 for chlorine). 

Take a 3” circle of heavy cardboard as 
a base. Take a short stick about 3” long 
as a stem. Drill small holes at the points 
indicated in the figure. Make wire circles 
for the orbits as needed and slip these 
through the holes. Instead of a label you 
can make a nucleus in the center from 
tiny balls of clay. You might want to use 
one color for the protons and another for 
the neutrons. On the orbit wire place 
small balls of clay as “electrons,” using 
clay of a third color. Another method is 
to use colored beads, jelly beans, or gum 
drops. You will think of other materials 
and combinations of materials for atomic 
model building. As in many areas of ele- 
mentary science, you can let your imagi- 
nation be your guide. 

Pupils may want to build large atomic 
models to hang overhead in the classroom 
or to put up for display. An ambitious 
pupil may even want to make an atom as 
complex as uranium. For this a tennis ball 
makes a good nucleus, and ping-pong 
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Table 24-1 
Number of protons, neutrons, and electrons by element 
Oe oe ee 


electrons 
name symbol protons neutrons 


K L M N O " a 
hydrogen 1 5 l E : a : 0 0 
helium He 2 : 2 p 2 0 0 0 B 
lithium Li 8 3 | 3 d o o 0 0 
beryllium Be 4 2 E : 0 0 0 A 
boron B 5 6 - 3 0 0 0 0 
carbon Cc 6 6 = E : : 0 0 9 
nitrogen N 7 7 2 5 0 0 3 0 0 
oxygen o 8 5 JAE- : 4 0 o 0 
fluorine F 9 10 2 ? 0 ^ 0 0 
neon Ne 10 10 2 8 o E X 0 0 
sodium Na 11 _ 2: 2 L B 9 o 0 
magnesium Mg 12 12 2 2 z a : 0 0 
aluminum Al 13 14 2 8 3 p 9 0 0 
silicon Si 14 14 28 $ p ; 0 0 
phosphorus p 15 16 2 8 5 9 P 0 0 
sulfur S 16 1 2 8 6 0 o j a 
chlorine cl 17 18 2 8 7 0 0 o 0 
argon A 18 22 2 8 8 0 0 o 0 
potassium K 19 20 2 8 1 0 p 0 0 
calean Ca 20 20 2 8 2 0 0 o 0 
scandium Sc 21 24 2 8 9 2 ^ o 9 
titanium Hi 22 26 2 8 10 2 0 o 0 
vanadium M 23 28 2 8 1 2 0 o 9 
chromium Cr 24 28 2 8 13 1 0 o 0 
manganese Mn 25 30 2 8 13 2 0 0 0 
iron Fe 26 30 2 8 14 2 0 0 0 
cobalt Co 27 32 2 8 15 2 0 o 9 
nickel Ni 28 31 2 8 K 2 0 o 9 
copper Cu 29 35 2 8 18 1 0 0 
zinc Zn 30 3 — 2 8 i 2 0 E 
gallium Ga 31 38 2 8 18 3 0 o 9 
germanium Ge 32 40 2 8 18 4 0 g 9 | 
arsenic As 33 42 2 8 18 5 0 o 9 
selenium Se 34 45 2 8 18 6 0 0 0 
bromine Br 35 45 2 8 148 7 ~ p 9 
krypton Kr 36 48 2 8 18 8 0 o 9 
rubidium Rb 37 48 2 8 148 8 1 o 9 
strontium Sr 38 w 3 i8 i8 ge $9 o 9 
yttrium Y 39 50 2 $8 i 9 2 g 9 | 
zirconium Zf 40 51 4 8 18 10 2 0 0 
niobium Nb 4 52 2 8 #1 12 L g 9 
molybdenum Mo 42 54 2 8 18 13 1 0 0 
technetium Te 43 56 2 8 18 14 1 0 0 
ruthenium Ru 44 57 2 8 18 15 1 o 9 
rhodium Rh 45 3 /— 2 8 i 16 1| qo 9 | 
palladium Pd 46 66 2 8 18 18 0 o 9$ E 
silver Ag 47 61 2 8 18 18 1 o 9 
cadmium Cd 48 9 2 8 1g 1g 2 a 2 
indium In 49 6 2 8 i jg 3 a. 2 
tin Sn 50 69 2 8 18 18 4 
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CC 


———————— ——— 


electrons 
name symbol protons neutrons K L M N [9] P Q 
antimony Sb 51 70 2 8 18 18 5 0 0 
tellurium Te 52 73; 2 8 18 B 6 0 0 
iodine I 53 4 2 8 18 18 MEE Üü p 
sonon Xe 54 77 2 8 18 18 8 0 0 
cesium Cs 55 78 2 8 18 18 8 1 0 
barium Ba 56 81 2 8 18 18 8 2 0 
lanthanum Ta 57 82 2 8 18 18 9 2 0 
cerium Ce 58 82 2 8 18 20 8 2 0 
Praseodymium Pr 59 82 2 8 18 21 8 2 0 
Neodymium Nd 60 84 2 8 18 22 8 2 0 
Promethium Pm 61 84 2 8 18 23 8 2 0 
samarium Sm 62 88 2 8 18 24 8 2 0 
europium Eu 63 89 2 8 18 25 8 2 0 
gadolinium Gd 64 93 2 8 18 25 9 2 0 
terbium Tb 65 94 2 8 18 = 27 8 2 0 
dysprosium Dy 66 96 2 8 18 28 8 2 0 
holmium Ho 67 98 2 8 18 29 8 2 0 
erbium Er 68 99 2 8 18 30 8 2 0 
thulium Tm 69 po 2 8 18 3 8 2 0 
Ytterbium Yb 70 103 2 8 18 32 8 2 0 
lutetium Lu 71 104 2 8 18 32 9 2 0 
hafnium Hf 72 107 2 8 18 32 10 2 0 
tantalum Ta 13 108 2 8 18 32 11 2 0 
tungsten w 74 uo 2 8 18 32 12 2 0 
Thenium Re 75 ui 2 58 B 3 1$ 2 0 
osmium Os 76 114 D 8 18 32 14 2 0 
iridium fr 7T 116 2 8 18 32 17 0 0 
Platinum Pt 78 117 2 8 18 32 17 1 0 
Bold Au 79 118 2 8 18 32 18 1 0 
mercury H 80 121 2 8 18 32 18 2 0 
thallium ar 8l 03 2 8 18 32 18 3 0 
lead ER ds 15 2 8 18 3 B 4 O0 
bismuth Bi 83 126 2 8 18 32 18 5 0 
Polonium Pe a p 2 8 8 2 1! $5 0 
astatine an 85 me » e id o 7 D 
eon R 8s 195 2 8 18 9 RR 8 0 
francium Fe 87 136 2 8 18 32 18 8 I? 
radium zn 88 is 2 8 1 3 i18 8 2 
actinium p 89 Ba 2 8 18 2 B 9 # 
thorium Th 90 2 2 8 18 32 18 10 2 
Protactinium ES 91 uo 2 8 1 393 9 ^29 2 
Uranium U 92 146 2 8 18 32 21 9 2 
"eptunium N 93 144 2 8 18 32 23 9 2 
Plutonium Aj 94 us 2 8 18 3 2 9 P 
americium je 95 148 pl 8 18 92 25 9 d 
Curium a ein 149 2 8 18 32 25 9 2? 
erkelium BE. 97 152 2 8 18 32 26 9 2? 
“alifornium Cr 98 i) 2 8 18 3 238 9 2 
ĉinsteinium E 99 155 2 8 18 32 29 9 2? 
€rmium Fm 100 152 2 8 18 32 30 9 zi 
™endelevium Mv 101 155 2 8 18 32 31 A 55 
Obelium No 102 ? 2 8 18 32 32 9 2? 
We SS SSC 
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balls on heavy steel wire “orbits” serve as 
the electrons. 

Commercial kits for building atoms are 
sold by scientific suppiy companies. 


EXPERIMENTING WITH A GEIGER 
COUNTER 


The first step in experimenting with a 
Geiger counter of any type is to get the 
background count. Count the number of 
clicks per minute. This includes emissions 
from radioactive deposits in the rocks in 
your neighborhood plus cosmic rays. 
Granite, a very common rock, always con- 
tains traces of radium and uranium suffi- 
cient to give a Geiger counter reading. 
(The quantity of radium or uranium pres- 
ent is much too small to warrant its use as 
an ore.) Take several background counts 
and average them together. If you take 
five counts and find that you get the fol- 
lowing different readings, 36, 40, 42, 44, 
38, add them together and get the aver- 
age by dividing by 5. In this case the 


average background count is 40 per min- 
ute. 


Detecting gamma and beta rays 


For these experiments you need a piece 
of uranium ore or a radium watch dial. 
Gamma rays are natural X-rays given off 
by radioactive material; beta rays are 
ejected electrons. Bring the sample of ore 
or the dial of a radium dial watch near the 
Geiger tube. You will get a strong count. 
Different pieces of ore naturally contain 
different amounts of uranium or radium 
ore. Different watches contain different 
amounts of the radium paint. Therefore, 
you can expect different results. Another 
good radioactive material is thorium, found 
as thorium oxide in the gas mantles for 
gasoline lanterns. These can be purchased 
at hardware and sporting goods stores, 
The reading you get will consist of gamma 
and beta rays. 


The alpha particles given off by radium 
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cannot be detected with the ordinary 
Geiger counter. (Alpha particles are he- 
lium nuclei given off by splitting atoms.) 
Take a radium dial watch and a strong 
magnifying lens (10 power) into a dark 
closet. Wait 10 minutes for your eyes to 
become accommodated to the dark. Then 
focus on one number of the radium watch 
dial. You will see individual flashes. Each 
flash is the breakdown of one radium 
atom. Commercial devices that do the 
same thing are sold for a small sum. They 
are called spinthariscopes. 

To separate the gamma from the beta 
rays, place a sheet of aluminum betwee? 
the ore or other radioactive source and the 
counting tube. Without the aluminum 
plate, you will get a total count of gamm^? 
and beta rays. With the aluminum plat 
between your radioactive source and the 
Geiger tube, you will get the gamm? 
count. If you subtract the gamma count 
from the total count without the alum" 
num plate, you will get the beta count. 
Always remember to subtract your bac% 
ground count. Now test the total count 
and the gamma count at 1”, 2", and 


TAKING PICTURES WITH 
RADIOACTIVITY 


Radioactive atoms and isotopes glV6 ° s 
alpha, beta, and gamma rays. Thess Fi 
can be put to work to help you take T 
tures of easily obtainable radioactive a 
With the same materials you can take P 


. . H i an 
tures of metallic objects without using 
light. 


Self-portrait of a radioactive mineral ; 
sets thé 


roun” 
g re- 


Most chemistry and mineral 
children use today contain rock p 
up samples of uranium or radium se 
Hobby shops that sell minerals al? a 
samples of these mineral ores. T? $ of 
self-portrait, first take a roll of new Jer 
the 120 or 620 size. The next size $^ oy 
or larger may also be used. SlowlY " 


the red or green paper wrapper until you 
feel the very beginning of the actual film. 
Place the sand or mineral against the paper 
at this point and rewrap the film. Allow the 
film and mineral to stand in a closed 
drawer for 2 weeks. Much in this way 
the first discovery of radioactivity was 
made by A. H. Becquerel in 1896. He 
on placed uranium ore (pitch- 
= against a lightproof covered pho- 
Piece a plate and found an outline of 
E an e after developing the plate. This led 
Pide investigation of the cause of this 
M ge picture by his student, Madame 
d M After 2 years of research 
tlie bites oS in the uranium ore as 
Scien of the photographic image on 
M se 2 weeks of exposure to the radi- 
hus: ME the film after removing the 
er al ore. Only have the film devel- 
pietus as you need no paper copies. The 
iN. you will get will depend upon the 
Miseni of radioactive material in the 
al you used. 

Neu you can use vary. You will 
Ber y find that a yellow sandstone, 
the Mer, from the Rocky Mountains is 
minera] easily obtainable radioactive 
thoriy - Sands containing radioactive 
Some ds are also obtainable. There are 
the U eserts in the southwestern part of 

Er te States covered with this sand. 

If ende is difficult to obtain. 
film you do not wish to use whole rolls of 
3yr Pee can buy cut film in the 24" x 
Proof E and wrap each piece In light- 

5 d Per in a darkroom. Ordinary roll 
up Bus is not panchromatic can be cut 
OF use ler a dim, red darkroom safelight 
bti o; the same way. X-ray film from a 

can also be used. 


R s 
‘Sdioactive dishes 


If 

“Ren can procure some orange-colored 

taken p Ware," its autograph can be 
- These are solid color dishes that are 


Fig. 24-3 Radioaurograph. The key shape out- 
lines the area where radiations did not affect the 


film. (Alexander Joseph.) 


very popular. Although they are made 
in many colors, the color you need is 
orange. The orange glaze or color is pure 
uranium oxide. Fiesta Ware can be found 
among the dishes of many homes in the 
United States. Even broken dishes are use- 
ful for experimenting in the home labora- 
tory. 

To use the dish to make a self-portrait 
by the action of the gamma rays, you 
need a piece of flat film. Allow the plate 
to rest on the film for 2 weeks and then 
develop. If you have a large plate, allow 
the plate to cover only part of the film. 
This will give a sharp outline to the edge 
of the plate in the picture. 

The next experiment requires a flat key 
or any other small metal object. Place on 
the lightproof covered film; then put the 
radioactive dish over the objects and al- 
low to stand several weeks. Develop in 
the usual way (Fig. 24-3). In all of the ex- 
periments thus far you will find that den- 
tal x-ray film will work better and faster 
than ordinary film. A dentist can give or 
sell such film to you. (The pieces cost 10- 
20¢ each.) Develop them in ordinary de- 


veloping chemicals. 


Radioautograph of a radium watch dial 
If you have a radium watch dial that 

can be read in the dark, you can try 

another radioautograph experiment. First 
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allow the watch to run down. Remove the 
rim and the glass that it carries. Lay the 
watch face down against a piece of den- 
tal x-ray film and place inside a lightproof 
box. Allow the watch and film to stay 
undisturbed about 10 days. 

When the film is developed, you will see 
a picture of each number of the dial and 
of the hands. The numbers will appear 
slightly fuzzy and reversed. If you look 
through the back of the film, you can read 
them correctly. If you get a faint image, 
you have a dial that does not contain 
much radium chloride. Such a watch may 
have to remain against the film twice or 
three times as long. If you do not get any 
results, your watch does not have a real 
radium watch dial. A few watches use a 
compound called a “phosphor” Painted 
on the numbers. It picks up light from 
other sources and then glows for several 
hours afterwards if held in the dark. If you 
leave a watch of this type in the darkness 
of a drawer for several days and then take 
it out in the dark, you will see that the dial 
does not glow. Fortunately for your ex- 


CAPSULE LESSONS 


24-1 Asa long-term Project, have the chil- 


dren use Table 24-1 to build models of the 
common elements. 


24-2 Have Pupils prepare and label bottles 
containing samples of elements around tliem, 
e.g., aluminum, copper, iron, ete. 

24-3 Usea Geiger counter or a scintillation 
counter borrowed from the Civil Defense 
town to measure the natural radi 
rocks in your area. 


of your 
oactivity of the 
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periment, most watches that have dial 
faces that glow in the dark contain tiny 
amounts of real radium chloride. 


Testing rocks for radioactive ores 


Radium ore and uranium ore occur tor 
gether. Today the main source on this 
continent for rich uranium ore is the 
Great Bear region in Canada, north of the 
Arctic Circle. Before the days of exploring 
with Geiger counters, a very simple system 
was used. When a prospector found rocks 
that looked as if they might contain "ue 
nium, he would drop unopened rolls o 
film on the ground in the area and return 
some time later to pick them up. TS 
the film is developed, the telltale tracks o 
gamma rays will show up on the film ! 
there is any radium and uranium ore in 
the rocks below. 

You can apply the same procedure t° 
TOCks you suspect as possible sources Pa 
radioactive material. In the darkness © 
drawer place the rock against a piece ei 
film for a week or two and then develop: 


24-4 Let interested students who have ed 
radio sets make the simple Geiger counter ei 
sented in I. D. Jaworski and A. Joseph, " 
Energy, Harcourt, Brace & World, 1961. as- 

24-5 Usca gas mantle from a gee oe 
oline lantern to make a radioautograph E ate- 
tal film. Develop as usual. The radioactive ™ 
rial in the gas mantle is thorium. 


urce 
Harcourt, Brace & World, 1961. A pa at 
book for the student who wants to expe" 
safely. day: 
Romer, Alfred, The Restless Atom, Dai no 
n.d. A fine reference book for teachers Y 
science training. 
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Simple machines and engines 


WORK 


oss children are all too familiar with 
n IM work. The chores they do around 
all fis = are often considered work. Usu- 
eid the children will consider anything 
7 quiring physical effort as work. But sci- 
ntists have their own definition of work. 
dist only is physical effort involved, but 
this des. is involved as well. According to 
bod efinition, work is done only when a 
Sra Moves. That is, work is the result of a 
isd moving through a distance. And force 
und as a push or a pull. 
one children will recall how they may 
obi pushed and pushed against a certain 
‘a without making it budge an inch. 
de though they were all tired out from 
ob; effort, no work was done because the 
Ject did not move. 


Measuring work 


a a cardboard or wooden box on a 
the aia scale. Add sand or stones to 
Wei ome until the box, cover, and contents 
a en 4 pounds. Now cover the box 
Sert iw it firmly with strong string. In- 
unde, € hook of a laundry spring balance 

e rneath the string and lift the box into 
fies Note that the spring balance also 
rese pounds. Help the children un- 
o ri that the force necessary to lift an 
equal and overcome the pull of gravity 1$ 
You to the weight of the object. Thus, 
Wei need a force of 4 pounds to lift a 

ight of 4 pounds, 


Now lift the box just 1’ off the floor. To 
find the amount of work accomplished we 
must multiply the force exerted times the 
distance the force traveled. In this case a 
force of 4 pounds moved through a distance 
of 1’. The amount of work done is 4 X 1, 
or 4 foot-pounds. Call the pupils’ attention 
to the term “foot-pounds.” Point out that 
this label shows us both force and dis- 
tance. If you lift the box 2’ into the air, 
the work done would be 4 X 2, or 8 
foot-pounds. 

Now place the box on the table. Insert 
the hook of the spring balance underneath 
the string at one end of the box. Then pull 
the spring and box across the table. Make 
sure you hold the spring balance abso- 
lutely horizontal while you are pulling it. 
Also try to have the box slide across the 
table as evenly and smoothly as you pos- 
sibly can (to minimize friction). While 
the spring balance and box are moving, 
read the pointer on the spring balance. 
You may have to take a few readings and 
obtain an average in order to determine 
the force necessary to pull the box across 
the table. Call the children’s attention to 
the fact that it takes less force to slide the 
box than to lift it. Now calculate the work 
accomplished in sliding the box 3’. If all 
you need is a force of 2 pounds to slide the 
box 3’, then you accomplish 2 X 3, or 6 
foot-pounds of work. Point out that, since 
you did not lift the box off the ground, you 
did not have to worry about how much it 
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weighed. To calculate the work in this 
case, all you had to know was how much 
force it took to push or pull the box across 
the table. Therefore, for lifting, the force 
is equal to the weight of the object. For 
pushing or pulling, the force is just the 
force necessary to move the object across 
the surface. 


HOW MACHINES HELP US 


We all know that machines help make 
man’s work easier. But before learning 
about the different kinds of machines in 
use, it might be a good idea to review the 
different ways we use machines to help us 
do our work. As a result, we can call the 
pupils’ attention to these ways when we 
are studying the machines themselves, 

All machines help us by transferring a 
JSorce. When you sweep the floor, you trans- 
fer a force from your hand to the floor. 
With a hammer you transfer a force from 
your hand to the nail. When you ride a 
bicycle, you transfer a force from your feet 
to the wheel. Have the class show how a 
force is transferred when using pliers, 
scissors, nutcrackers, and other tools. 

Most machines help us by decreasing the 
degree of force that must be applied by in- 
creasing the distance it is applied. In this 
way a small force is able to Overcome a 
larger force or resistance. This is easily 
shown by such tools as can openers, 
screwdrivers, and bottle openers. Have 
the class list some other tools or simple 


machines that help us by decreasing the 
force applied. 


Other machines hel 


P us by changing the 
direction of a force, 


The small grooved 
wheel, called a pulley, helps us this Way. 
With a pulley you can hoist a flag or use 
a clothesline. You turn the handle of an 
egg beater, and the gears turn the blades 
in opposite directions. 

Still other machines help us by increas- 
ing the speed and distance of a force. As you 
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sweep a broom, the upper handle of the 
broom moves back and forth a short dis- 
tance. But the lower part of the broom 
moves much more quickly and farther. 
When you swing a tennis racket or a base- 
ball bat, the same thing happens. 

While learning about machines, the 
children may want to know why a ma- 
chine cannot increase both force and z 
tance at the same time. Ifa machine coule 
do both, it would save work. But this d 
impossible. Help the children understan : 
that a machine can make man's work e 
ier, but it cannot save work. While € 
menting with the various machines, E 
for opportunities to show that you pee 
increase both force and distance at Sur 
same time. Many such opportunities W 
arise. 

All the machines that man uses y 
composed of one or more of a few gen 
machines. These are the lever, the oit 
and axle, the pulley, and the incli eif 
plane of which the wedge and the i 
are special forms. Let us study how e 
one helps make man’s work easier- 


Making work easier with the lever 


ic 

The seesaw or teeter-totter is à wt 
example of a lever, If you have à M for 
totter in the school playground, use "^ , 
a lesson. Call the children's attentio ar! 
the place in the center where the writ 
turns or pivots. This is known as ane 
crum. Place two children of equal ie: ' 
at opposite ends of the pivot or fte a 
Naturally, they will balance. Now P^. 
a heavier child on one side. The - 
totter will go down, Have the he ce ! 
child move forward until the nt 
restored. Now help the children je at 
stand why this happened. Point 0u ance 
in order for the lighter child to ba st 
the heavier child, the lighter chil 
be further away from the pivot. ae 
words, a smaller weight was used malle 
ance a larger weight, but the 5 


vier 


weight needed a larger distance to do it. 

If you have three children of identical 
weight, you can make one child balance 
the other two. Place the two children half- 
way along the teeter-totter while one child 
is at the opposite end. Point out that one 
child is able to balance twice his weight. 
Scientists call the relationship between 
one force or weight and the other force or 
weight it can lift or balance mechanical ad- 
vantage. Note also that the distance of the 
one child from the pivot was twice the dis- 
tance of the two children from the pivot 

his relationship between distances is 
another way to find the mechanical ad- 
vantage. 

Ifa teeter-totter is unavailable, you can 
mue your own in the classroom. Place 
ipte on top of a table or desk back- 
a about 30" apart. Rest a yard- 
tai s the backs of the chairs. Ob- 
: : a stick of uniform thickness and wrap 
di nng around the center. Then attach 

€ string to the yardstick (Fig. 25-1). 
". the stick will not balance, slide the 

ing along the stick until it does balance. 
d paper clips as weights, repeat the 
P alin. pci of the teeter-totter. You can 
S Een the clips from the stick by tying 
"e with one end of a thread and 
t sh a loop with the loose end of the 
i Try hanging a weight on just one 
Gig As move the supporting String 
wal ch is really the pivot) toward the 

ight until the stick is level. 

Sos à pair of pliers. Point out the long 
Pivot es and the short jaws. Point out the 
ities, which, in this case, is round. The 

ng handles and short jaws make it possi- 
am ow a small force at the long handles to 
mal a large force at the jaws. This i5 
bei to the single child balancing 
"es his weight because his side of the 
§ aad Co is twice as long. The children 
athe be able to understand readily the 

S anical advantage in the pliers. 

Clentists have special names for the 


“paper clips 


Fig. 25-1 A classroom teeter-totter. 


forces or weights and their distances. The 
force applied at the handles of the pliers 
is called the effort because this is where you 
apply an effort. The distance from this ef- 
fort to the pivot is called the effort-distance. 
The large force applied at the jaws is 
called the resistance because this is the 
point where a resistance is presented to 
the effort you exert. The distance of this 
resistance to the pivot is called the resist- 
ance-distance. Of course, the pivot is called 
the fulcrum. However, in the lower grades 
it is not necessary to use these terms. 
Forces (or weights) and pivot will serve 
the purpose. 

First-class levers. Levers like the teeter- 
totter and the pliers are called first-class 
levers. In all first-class levers the pivot is 
between the two forces. Scissors are an- 
other example of a first-class lever, as isa 
tack-puller. In the tack-puller the blunt 
part is the pivot, a force is exerted at the 
handle, and a larger force is applied at 
the claws. Measure the distances of both 
forces from the pivot. If the distance from 
the handle to the pivot is 12" and the dis- 
tance from the tack to the pivot is 3", the 
mechanical advantage is 12 divided by 3, 
or 4 times. 
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Fig. 25-2 A broom is a third-class lever. (From A. 
Joseph et al., A Sourcebook for the Physical Sci- 
ences, Harcourt, Brace & World, 1961 -) 


Nutcracker—a second-class lever. Bring 
a nutcracker and some filberts to class, Let 
some pupils try to crack the filberts be- 
tween their hands. Even if they are suc- 
cessful, the force required will be great. 
Now use the nutcracker machine. Call 
the children's attention to the pivot (or 
fulcrum), which is located at the end. The 
filbert, or resistance, is between the pivot 
and the handles where the force or effort 
is exerted. Compare the distance between 
the filbert and the pivot with the distance 
between the ends of the handle and the 
pivot. If the filbert distance is 2" and the 
handle distance is 6", the mechanical ad- 
vantage is 6 divided by 2, or 3 times. 

The nutcracker is an example of a sec- 
ond-class lever. In a second-class lever the 
Pivot or fulcrum is at one end, and the re- 
sistance is between the fulcrum and the 
effort. Incidentally, a door is a good ex- 
ample of a second-class lever. The hinges 
are the pivots, the door itself is the resist- 
ance, and the door knob is where the ef. 
fort is applied. Point out that the door 
knob is located as far away from the 
hinges (pivots) as Possible in order to 


give us the best possible mechanical ad- 
vantage. 
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Another example of a second-class lever 
is the school paper-cutter. 

Help the children understand that me 
and second-class levers enable a T: 
force to apply a larger force. However, 
order to do so, the small force must T » 
through a larger distance than the smalle 
odas levers. Sometimes we thee 
a machine to help us increase the spe m 
and distance of a force even if we have A 
exert a larger effort or force to do so. E 
broom is an example of this type of ed 
chine. By exerting a strong force aie s 
upper end of the broom we are a ae 
make the lower part move farther ci 
more quickly. The pivot in this case p^ 
hand nearest the top of the broom. Ja 
broom is also a lever, but it is calle a 
third-class lever. Here the pivot is arte 
end (the top), the resistance is at the o ait 
end (the bottom), and the effort is betw 
them (Fig. 25-2). " 

e children may be interested to cm 
that their arms are third-class levers. "iit 
an apple in a pupil's outstretched rs his 
then have the child pull his arm up mis 
shoulder and back again. The forear the 
the lever in this case. The elbow is sms 
pivot and is at one end of the €— 
The apple, the weight or resistance e 
raised, is at the other end of the fore 


m 
; LEP 
Fig. 25-3 A classroom wheel and art 
UNESCO Source Book for Science 
UNESCO, 1956.) 


The muscle in the forearm is the effort 
which exerts the force to raise the apple. 

Another example of third-class levers is 
à pair of sugar tongs. All third-class le- 
vers have a mechanical advantage which 
is less than 1. This means exerting a 
greater force to begin with, but we are 
willing to do this as long as we can in- 
crease the distance and speed. Remind 
the children that you cannot increase 
both force and distance at the same time. 


Making work easier 
with the wheel and axle 


oo the cover from a pencil sharp- 
sake Tie two fairly heavy books together 
Book a string. Have the pupils lift the 
Senile with the string. Note the force 
(wei ed to overcome the force of gravity 
the ight) pulling on the books. Then tie 
"— other end of the string very tightly 
p ie protruding axle of the sharp- 
tied 4 ig. 25-3). Make sure the string 1s 
the ee to the shaft or it will slip when 
aft is rotating. Now turn the handle. 
el children’s attention to how much 
The © is now needed to lift the books. 
the a handle of the sharpener is called 
kite ies and the shaft is called the axle. 
Wheel at one complete revolution of the 
of the produces one complete revolution 
more Via However, the wheel covers 
the Mesi during one revolution than 
tines, e. This difference in circular dis- 
advant is responsible for the mechanical 
inter ce of the wheel and axle. As a 
Chine i of fact, the wheel and axle ma- 
Wheel is like the lever, except that the 
tanc and the axle travel in circular dis- 
es, 
ie good example of a wheel and 
ian at door knob. The school custo- 
Out th ill be glad to lend you one. Point 
es at the round knob is the wheel and 
S cies shaft is the axle. With a screw- 
live i-i the knob on a closet door. 
€ pupils try to open the door just 


by turning the axle. Now put the knob 
back on again and note how easy it is to 
open the door. Here again is an example 
of a small force béing used to apply a 
larger force. 

Use string to find the circumference of 
the knob and of the axle. Then measure 
the lengths of the strings. If the circumfer- 
ence of the knob is 6" and that of the 
axle 1”, the mechanical advantage of the 
machine is 6 divided by 1, or 6 times. In- 
cidentally, you will get the same value if 
you measure the diameters of the knob 
and axle and compare their values. 

Other wheel and axles the class can ex- 
plore are the rotary can opener, the egg 
beater, and the steering wheel of an auto. 


Making work easier with the pulley 
Obtain a soft pine board about 4 x 6" 
x MW". Place two chairs back-to-back 
about 3' apart on a table. Have pupils 
bring in two ordinary clothesline pulleys. 
If none are available, you may obtain 
them at your hardware store. Obtain cord 
and two medium-sized cup hooks. Screw 
one cup hook into the board and place the 
board on the backs of the chairs. Suspend 
one pulley from the cup hook with a piece 
of cord (Fig. 25-4). Now pass another 
piece of cord through the groove of the 
pulley and attach a book of equal weight 
at each end of the string. The books do 
not move because they are in balance. 


Fig.25-4 A single fixed pulley. 
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Fig. 25-5 A combination fixed and movable pul- 
ley. 


Point out that the pulley is like the 
teeter-totter, or lever. In this case the 
pivot (or fulcrum) is the pulley axle. 
Since the length of each cord from the 
book to the pulley axle is the same, there 
is no mechanical advantage to a single 
pulley arranged this way. Why, then, do 
we use the pulley? Have one of the pupils 
pull down one of the books. The other 
book will go up. In this case 
machine as a convenient way 
the direction of a force. T 
book go up, 


we use the 
of changing 


o make one 


the same distance as the book going down, 
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why, have them count the number of 
cords supporting the two books. There are 
two cords. Each supports one half of the 
weight. The last cord is balanced by the 
single book at the end of the cord. 

Point out that the top pulley is called a 
fixed pulley, and the bottom one is called a 
movable pulley. just pull on the single book 
and you will know why the pulleys were 
given these names. 

You may want to make your own pul- 
leys. Obtain two spools, two nails to fit 
loosely through the spools, and pieces of 
wire. You can borrow a wire cutter and 
use pieces of lightweight clothes hangers 
as the wires. Then pass the wires through 
the spool holes and attach them (Fig. 
25-6). Repeat the previous experiment, 
using one and two books. . 

Now obtain five books of the same size 
and weight, Arrange the pulleys as shown 
in Fig. 25-7. Attach four books to the bot- 
tom pulley and one book to the free end of 
the cord. Have the children count the 
number of cords supported by the bottom 
pulley. There are four. Each supports one 
fourth of the total weight. The fourth rope 
is balanced by the single book at the end 
of the cord. In this case the mechanical 


Fig. 25-6 Homemade spool pulleys. 


Fig. 25-7 One book can lift four. 


advantage is 4 times because one book 
balances four. 

This is the way heavy objects are lifted. 

You can show this quite dramatically by a 
scientific tug-of-war. One boy can balance 
the pull of four boys of the same weight 
and strength. To do this get two broom- 
Sticks or mop handles. A strong rope is tied 
to the end of one stick, then looped around 
both sticks two complete times, keeping 
the loops evenly spaced from stick to stick 
(Fig. 25-8). The single boy is called the 
“strong man.” He wraps the free end of 
the rope around the palm of his hand. 
Now the four boys holding the broomsticks 
Start pulling in opposite directions. The 
“strong man” pulls also and is able to bal- 
ance the pull of the four boys. Count the 
ropes. The children will notice that there 
are four. But each rope carries the force of 
Only one fourth the "strong man's" pull. 
The pull on the end rope is balanced by 
the pull of the “strong man." 

If two boys drop out, one for each stick, 
the "strong man" will not only be able to 
balance the pull of the remaining two 
boys, but he will be able to bring the sticks 
Close together. 

Have the children bring lists of devices 
that use pulleys. They can see pulleys on a 


wrecking truck, a derrick, a steam shovel, 
on clevators, and on a barn hoist. 


Making work easier 
with the inclined plane 


Obtain a board 4’ x 6" x ^". Set one 
end of the board on a stack of books or on 
a block of wood. Next get a roller skate or 
toy truck and a laundry spring balance 
or scale of the type that measures from 0 
to 30 pounds. Now tie three books to the 
skate. Lift the roller skate and books with 
the balance and mark the weight on the 
blackboard (Fig. 25-9). 

Place the roller skate and books on the 
inclined board. With a thin wire attach 
the spring balance to the rear end of the 
skate. Now pull on the skate with the 
spring balance so that the skate will move 
up the incline. Try to hold the balance so 
that it is horizontal with the board at all 
times. Have a pupil read the scale while 
you pull. Write this value on the black- 
board. 

The children will see that it takes less 
force to pull the load up the hill than it 
would to lift it. However, they should also 
understand that the load travels a longer 
distance uphill than it would if it is simply 
lifted straight up to that height. We there- 
fore use less force in this case, but the load 
must travel a longer distance. 
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Fig. 25-9 
inclined plane than to lift it. (From UNESCO Source 
Book for Science Teachers, UNESCO, 1956.) 


It takes less force to pull a load upan 


Have the children measure the length 
of the board, and then the height of the 
stack of books supporting the end of the 
board. The load must travel the length 
of the board in order to reach the height 
of the books. If we divide the length of the 
board by the height of the books, our an- 
swer will be the mechanical advantage of 
the inclined plane machine. 

Repeat the experiment, using inclines 
at different angles. Set the board at dif- 
ferent angles by simply adding to or sub- 
tracting from the stack of books that sup- 
port the incline. The pupils will find that 
the steeper the angle, the greater the pull 
required. On the other hand, the gentler 
the hill (or angle), the less the force re- 
quired. For this reason, hills on highways 
are made as gentle as possible. You can 
always hear truck engines working harder 
on steep hills than on gentle hills, 

The class may be interested in seeing 
what happens to the mechanical advan- 
tage when the height of the incline is 
raised or lowered. Simply measure the 
new height in each case; then divide the 


length of the inclined plane (board) by 
the height. 


Making work easier with the wedge 


Almost all cutting tools and kitchen 
cutting utensils are inclined planes that 
are forced into an obj 
machines are called 
another form of an i 


ect. These simple 
wedges. A wedge is 
nclined plane. The 
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only difference is one of procedure. With 
the inclined plane, the incline remains 
stationary and we move the object up the 
incline. With the wedge, the body remains 
stationary and we force the wedge into the 
body. 

Borrow a wedge from a carpenter or cut 
one from wood. Place the narrow end of 
the wedge under a table leg; then tap the 
broad end with a hammer. The wedge 
will lift the table. i 

Obtain a chisel and show the inclined 
plane that makes up its edges. Show the 
inclined plane or wedge of a knife blade. 
Needles, pins, and nails are also wedges. 

A pair of scissors is a combination of 
two wedges and a lever. The cutting edges 
make up the wedges. The handles and 
blades are the arms, like the sides of the 
teeter-totter. The screw in the scissors 1S 
the pivot. If you can borrow a pair o 
metal-cutting scissors or tin snips, point 
out the very long handles used to increase 
the force applied to the blades. 


Making work easier with the screw 


Another important simple machine P 
the screw. A screw is nothing but am m 
clined plane or little hill wrapped in 4 
spiral. You can show this quite easily- 
Draw a right triangle on a piece of white 


i 


Fig. 25-10 A screw is a spiral inclined plane: 


paper. Make the height 10” and the base 
5”. Cut out the triangle and color the edge 
along the hypotenuse with red crayon. 
Now roll the paper around a pencil (Fig. 
25-10). Begin by wrapping the base of the 
triangle. The children will see the spiral 
formed by the colored edge. Now unroll 
the paper triangle to show its return to 
an inclined plane. Compare the paper 
spiral with the spiral in a wood screw. 

Next borrow an automobile jack of the 
Screw type. Your garage man probably 
has one or knows someone who can lend 
one to you. Have the garage man use it 
to jack up a car. The children will see 
how little effort is required to lift a 3000- 
4000-pound automobile. The screw helps 
man exert a very small force to lift a very 
heavy object. However, the garage man 
has to turn the screw very many times to 
raise the automobile only a few inches. 
In this case a small force is used to lift a 
very large force, but the small force must 
travel a large distance to raise the large 
force a small distance. 

If the school has a workshop bench, the 
vise to hold the wood for sawing or plan- 
ing has a similar screw. This screw is used 
to apply great force to hold the wood in 
place. 


Changing speed or direction of forces 


Obtain a piece of wood about 8" X 4" 
X ^". Obtain two spools of different sizes 
and two nails which fit loosely in the spool 
holes. Put the nails through the spool holes 
and fasten the spools to the wood about BP 
apart. Now slip a rubber band around 
both spools (Fig. 25-11). The rubber band 
should grip both spools rather tightly. 
With your hand give the larger spool one 
full turn. Note that the smaller spool 
makes more than one full turn and thereby 
Moves faster. 

Also point out that both spools move in 
the same direction. Now turn the rubber 
band so that it makes a cross between the 


Small spool 


Fig. 25-11 Wheels can change the speed or di- 
rection of a force. (From UNESCO Source Book for 
Science Teachers, UNESCO, 1956.) 


spools. Turn either one of the spools and 
note that the other now turns in the op- 
posite direction. 

Repeat the experiment with the wheel 
and axle, using the pencil sharpener (de- 
scribed earlier in this chapter). After you 
have raised the books, release your hand 
from the crank handle and pull down on 
the books. Note how rapidly the handle 
turns. 

Recall or repeat the experiment de- 
scribed earlier in this chapter which uses 
the spool pulleys with four supporting 
strings. Note how quickly you lift the four 
books when you pull on the string holding 
one book. 

Have the children swing baseball bats 
or tennis rackets. Help the children un- 
derstand that the longer end of a lever 
moves farther and faster than the shorter 
end when the pivot is not in the center. 
Another such example is sweeping with 
a broom. 

Gears change speed or direction. Gears 
are most commonly used to change speed 
or direction. Actually, gears are no more 
than modified wheels and axles. They are 
simply wheels with teeth in them. Have 
a boy bring in a metal construction set. 
He can set up a large and a small gear 
wheel so that one can turn the other. If 
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30 teeth 


10 teeth 


(a) 


(a) Gears can change the speed or direction of a force; (b), (c) homemade gears. (From A. 


Fig. 25-12 


Joseph et al., A Sourcebook for the Physical Sciences, 


he turns the large wheel, the small one 
will move many times as fast. Also point 
out that the gears turn in Opposite direc- 
tions. Have the children count the num- 
ber of teeth in each gear. If the large gear 
has 10 teeth and the small gear 5 teeth, 
then every time the large gear revolves 
once, the small gear revolves twice. A 
diagram on the board will help make this 
clear. Help the children understand that a 
1-pound force applied at the 5-tooth gear 
becomes a 2-pound force at the 10-tooth 
gear. 

Draw a diagram on the board of three 
different size gears with their teeth en- 
meshed (Fig. 25-1 2A). The large gear 
has 30 teeth, the middle gear 10 teeth, and 
the small gear 5 teeth, Help the children 
understand that the speeds, forces, and di- 
rections are not the same at all wheels. If 
the 30-tooth gear revolves once, the 10- 
tooth gear makes three turns, and the 5- 
tooth gear makes six turns, A 1-pound 
force applied at the 5-tooth gear becomes 
a 2-pound force at the 10-tooth gear. This, 
in turn, becomes a 6-pound force at the 
30-tooth gear. All three wheels turn 
whether a force is applied to the 30-tooth 
gear or to the 5-tooth gear. If the large 
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Harcourt, Brace & World, 1961.) 


gear is made to rotate in a clockwise di- 
rection, the middle gear will turn counter- 
clockwise, and the small one clockwise. 
This is how gears are used in an «d 
mobile to change the speed during shi t- 
ing. When the driver shifts to “low ia 
“first” gear, he uses the largest gear. i 
this case he gets little speed but muc 
force or power. : 
In "second" gear, now that the car : 
under way, a smaller gear is used to a 
less force and more speed. When he aa 
to “third” or “high” gear, he uses A 
smallest gear to give him maximum aa 
In an automatic shift, the gears are ma 
to shift automatically. in 
You can make your own gears. ane 
five bottle caps that have not been et 
out of shape. With a hammer and ee 
make holes in the exact centers of eac 


f 
cap. Place two caps on a small block o 


Wood so that their toothed Sagi 
mesh together (Fig. 25-12B). Holding e 
Caps in place, fasten. them down Ld 
tacks, making sure that the caps will yel 
easily. Turn one of the caps and note at 
direction that the other turns. Point bet 
that since each cap has the same es 
of projections, both caps revolve at 


same speed. All we have done is change 
direction. Repeat the experiment using 
three caps and note the direction that each 
turns. 

Place a bicycle upside down. Turn the 
pedal wheel exactly one turn and note the 
number of turns made by the rear wheel. 
Count the number of teeth in the gear at- 
tached to the pedals and compare it with 
the number of teeth in the gear fastened to 
the rear wheel. 

Operate an egg beater or hand drill and 
note the increase in speed. Compare the 
number of teeth in the gears involved in 
the operation. Remove the back of a 
broken wrist watch or clock. Observe the 
gears, count the teeth, and have the pu- 
pils figure out any changes in speed, di- 
rection, and force. Turn the knob that 
Controls the minute hand so that you can 
locate the gears for the minute hand and 
hour hand. Note the difference in size and 
in the number of teeth. 

Making an elevator. The children 
might like to make their own elevator to 
Show change in direction. First take a 
Sheet of plywood or heavy cardboard 
about 24" long and 12” wide to use as a 
background and support. Now obtain six 
small wooden spools and place them in 
the positions shown in Fig. 25-13. Use 
nails or long spread-type paper fasteners 
to hold the spools in the proper places. 
For the elevator car use a small card- 
board box. 

Pass a string through a hole in the cen- 
ter of the “car” at A. Knot the string so that 
It cannot slip out. Pass the string down 
and around spool B, then to spool C, 
making two turns around spool C. Be sure 
to make two turns around spool C or the 
elevator will not operate. Now pass the 
String over spools D and E. At H in the 
Center top of the “car” insert the end of 
the string. Add a second string, put it 
through H, and knot the two strings to- 
Bether. Pass the second string over spools 


wrap twice around this spool 


Fig. 25-13 A homemade elevator. 


F and G and tie a nail (or other weight) 
to the end of the string. This weight should 
counterbalance the weight of the car plus 
any toy figures placed inside the car. You 
may have to try lighter or heavier nails to 
counterbalance properly. 

Turning spool C will cause the car to 
move up or down. Point out that the 
force of gravity will help the car descend, 
but will hinder it when the car has to go 
up. If enough weight is added as a coun- 
terweight, the car can descend by itself. 
In a real elevator, spool C is turned by a 
motor. 


MACHINES IN THE SCHOOL 
AND HOME 


Conclude the study with an inventory 
of common machines used in the average 
classroom and school. The children will 
be surprised to find what a number there 
are, as, for example, window fasteners, 
pulleys, faucets, radiator valves, hinges, 
closet fasteners, pencil sharpeners, étc. 

There is a multitude of tools, utensils, 
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and devices in the home that are either 
simple machines or combinations of sim- 
ple machines. This provides a wonderful 
opportunity to bring in familiar objects 
and show how they function as machines. 
Because there are so many machines in 
the home, it seems well worth while to list 
and classify some of them and also to show 
what simple machines are included in 
combinations. 

Examples of first-class levers in the 
home are: scissors, garden shears, pliers, 
wire cutter, tin or metal snips, tack- 
puller, crowbar or pinch bar, forceps, and 
beer-can opener. Have the children iden- 
tify the pivot or fulcrum in each case, the 
point where the small force is applied, and 
the point where the larger force is exerted 
or overcome. Compare the distances of 
both these forces from the fulcrum and 
note the effects when the distances are 
large or small. If possible, compute and 
compare mechanical advantages. Do this 
as well for the other machines listed below. 

Second-class levers include: nutcracker, 
lemon squeezer, bottle opener, can 
opener (hand), crowbar, door, and row- 
boat oars. Examples of third-class levers 
are: sugar tongs, tweezers, broom, spoon, 
baseball bat, tennis or badminton racket, 
golf club, fly swatter, pitchfork, and mouse 
trap. All the third-class levers aim for 


more speed and distance ra 


ther than more 
force. 


Wheels and axles use a small force to 
overcome a much larger force, They in- 
clude: rolling pin, meat grinder, screw. 
driver, door knob, rotary can opener, egg 
beater, pencil sharpener, hand drill, bi- 
Cycle wheel and pedal, 
wheel, and all gear combin 
are used with flag poles, cl 
fashioned window sashes, 
tackles. i 

Inclined planes include the staircase 
the escalator, a hill, and a winding moun- 
tain road. Wedges include: knife, chisel, 


auto steering 
ations. Pulleys 
otheslines, old- 
and blocks and 
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saw (has many chisel edges), pin, needle, 
nail, ax, and the round circular wedge 
used in delicatessen and grocery stores to 
cut thin slices of meat. Examples of the 
screw are: lifting jack, wood screw, bench 
vise, nut and bolt, mechanical pencil, and 
piano stool. 


Compound machines 


When two or more simple machines are 
combined to make one machine, the com- 
bination is called a compound machine. 
Most of the machines that we use belong 
in this group. With careful examination, 
the children should have little difficulty in 
identifying the various components of com- 
pound machines and understanding how 
each one functions. 

For example, the handle of the shovel, 
hoe, or ax is a lever, while the blade isa 
wedge. Scissors are a lever with two wedge- 
shaped blades. Hand-operated hair clip- 
Pers are a lever and many shearing 
wedges. A 

The rotary can opener is a combination 
wheel and axle and round wedge. The 
crank handle of the pencil sharpener !5 
Part of a wheel and axle; it turns two 
screw-like or spiral wedges which cut the 
wood. The lawn mower operates the same 
way. The meat grinder is a combinatioD 
wheel and axle, screw, and wedge: the 
crank handle turns a screw; the meat " 
caught in the screw and pushed gom 
wedge-shaped threads which grind : 
meat into little pieces. The hand drill an 
the water faucet both contain a wheel a? 
axle and a screw, The Stillson (pipe) s 
the “monkey” wrench use a screw to OPC 
and close the jaws, and then act asa wpe 
and axle. èi 

The egg beater is interesting to om 
The handle turns two gears which T 
turn two blades. This is a combination 3 
wheel and axle and gears (which are my 
ified wheels and axles). -yanti 

Have the children observe and iden 


the combinations of simple machines in 
such familiar items as the typewriter, hand 
vacuum cleaner, sewing machine, alarm 
clock, toy run by a spring or an electric 
motor, bicycle, automobile, tractor, plane, 
and locomotive. 


FRICTION DUE TO RUBBING, 
SLIDING, AND ROLLING 


Obtain a block of wood and a wooden 
board, both with rough surfaces. Have the 
children try to slide the block'of wood over 
the board. Call the children’s attention to 
the difficulty they have in getting the 
block to slide easily. Note the resistance 
which both surfaces offer each other. This 
resistance caused when one surface is 
rubbed against another is called friction. 

Examine the surfaces of the block and 
board with a magnifying glass. Point out 
the uneven places in the wood. The chil- 
dren can see and feel the bumps and hol- 
lows, which make it difficult for the block 
to slide over the wood. 

When machines do work, some of their 
Parts also rub against each other. Metals 
may feel and look much smoother than 
rough pieces of wood. But if you should ex- 
amine the pieces of metal under a micro- 
Scope, you would still see tiny bumps and 
hollows. 

Now obtain another block of wood and 
board, this time with smooth surfaces. Or, 
if you like, use sandpaper on the rough 
pieces until they are smooth. Notice the 
difference in the amount of effort you have 
to use in sliding the block over the board. 

Obtain fine sandpaper, a rough stone, 
smooth and rough wood, and a mirror or 
pane of glass. Feel the roughness of each 
object with your fingers. Then rub pieces 
of fluffy cotton over each surface, and 
note the amount of cotton left behind. 
The smoother the surface, the less the cot- 
ton will catch and tear. 

Put a screw eye into one end of a block 
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of wood and attach a string to the screw 
eye. Obtain a board with a rough surface, 
a board with a smooth surface, and a large 
pane of glass. Place three books on the 
block of wood; then pull the block over the 
surfaces of both boards and the glass. 
Notice the difference that smoothness 
makes in the amount of force required to 
pull the block of wood. You may measure 
this force by attaching the string to a laun- 
dry spring balance and pulling horizon- 
tally on the spring balance. 

Repeat the experiment, but this time 
put six books on the block-of wood. It is 
now much harder to pull the board across 
all three surfaces. Help the children un- 
derstand that the greater the pressure be- 
tween two surfaces rubbing together, the 
more friction there is. 


Lubrication to reduce friction 


The children should now realize that 
one way of reducing friction is to see that 
the surfaces are smooth. Another way is 
to put some slippery material like oil or 
grease between the surfaces. 

Obtain two pieces of metal and try to 
slide one piece over the other. Now add 
a few drops of oil on the surfaces and slide 
the pieces again. The friction is reduced, 
and the pieces of metal slide quite easily. 

Lay two mirrors or panes of glass side 
by side. Place a few drops of oil on one 
mirror. Have the children rub with their 
fingers first the dry glass, then the oiled 
one, and notice the difference. Help the 
children understand that the oil helps re- 
duce friction because the particles of oil fill 
in the holes in the surface and also form a 
film on the surface. This makes the surface 
smoother. 

Rub two pieces of sandpaper together 
and notice the friction produced, Then 
put a thick layer of grease between the 
two pieces of sandpaper and rub again 
Shortening for cooking will also serve ilic 
purpose. The grease fills up the cavities 
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Fig. 25-14 Ball bearings reduce friction. 


in the sandpaper and cuts down the 
amount of rubbing and friction. You can 
also get the same effect with two pieces 
of cold toast and a generous supply of 
butter. Automobiles are greased to cut 
down costly friction. 

Examine tools and other machines for 
parts that rub together. Look for a rusty 
hinge, bicycle wheel, or roller skate that 
either squeaks or does not turn very easily. 
Apply a few drops of oil and notice the dif- 
ference. You might like to time how longa 
bicycle wheel, cart wheel, or roller skate 
turns before and after oiling. 

Oil and grease are not the only lubri- 
cants. Soap works quite well with desk 
drawers or wooden window frames that 
stick. So does the wax or paraffin from a 
candle. Powdered graphite will help a 
door catch that sticks. If powdered graph- 
ite is not available, rub the catch with the 
lead from a soft pencil. The “lead” is 
really graphite. 


Bearings 


Try sliding a large book across the 
table. Now place a few round pencils 
under the book and notice how much 
easier it is to move. Call the children’s at- 
tention to the fact that you have now 
substituted rolling for sliding. Rolling fric- 
tion is much less than Sliding friction be- 
cause you make one surface roll over an- 
other instead of sliding across it. In this 
way the bumps are lifted Out of the hol- 
lows and also away from each other. 

Obtain a coffee can lid with a rim and 
a handful of marbles. First try spinning a 
book on a table top. The book will not 
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spin easily because the friction between 
the book and the table top stops it. Now 
put the marbles on the table and cover 
them with the lid (Fig. 25-14). Place the 
book on top of the lid and try spinning 
the book again. This time the book will 
spin easily. 

es out that a third method of redne: 
ing friction is to use wheels, rollers, or 
balls. These balls are usually called ball 
bearings. Roller-skate wheels usually have 
ball bearings which you can hear when 
you shake tne skate. Ask the children to 
bring in beginner’s skates and ball-bearing 
skates. The beginner’s skate only has a 
simple bearing. The ball-bearing skate has 
a ring of balls around the axle. This means 
that the load on the skate does not press 
down as much on the ball-bearing skate 
as it would on a beginner’s skate. See 
which wheel will turn longer. 


Friction produces heat and wear 


Help the children realize that wer 
produces heat. Have them rub on 
hands together very briskly. They can rem 
rub a pencil eraser briskly on the ks 
top, and then quickly put the rubber tip "à 
their upper lips and notice the heat pr is 
duced. When wood is sawed or a nee 
bored through a thick board, the me me 
tool becomes quite hot. Automobile iati 
also become quite hot after they have be 
running for a while, 

Ths oliin should now realize ps 
friction wears things out. Shoe eer 
come thin, as do rugs and carpets ers 
pencils become dull, and rubber rnit 
wear away. Rubber tires become ene 
and lose their tread. Tools and an 
Wear away and then break. Reducing xd 
tion in this case is economical and P 
notes safety. l 

Breve, friction can also be helpf 
and is often quite necessary. Sand e 
On icy spots in the street so that aue are 
bile tires will not spin or skid. Chains 


also put on tires to help them move 
through ice and snow. Sandpaper is used 
to make things smooth. Without friction 
you could not walk on the ground because 
your feet would skid. All objects in the 
room would have to be fastened down to 
prevent them from sliding all over the 
room. But what would you do to fasten 
them down? Nails and screws would pull 
right out of the wood. Ropes would slide. 
You could not even unscrew a jar top. 
Wet your hands with soapy water or rub 
them with cold cream; then try unscrew- 
ing the metal cover from a glass jar. Can 
you do it? 


INERTIA 


Rest a coin on a small square of heavy 
Cardboard placed on a drinking glass or 
empty milk bottle. Now snap the card 
with your finger. The card will fly out 
from under the coin so that it drops into 
the tumbler. 

Pile four checkers one on top of the 
Other, Place a fifth checker 2 or 3” away. 
Now with your finger flick the fifth checker 
at the bottom checker in the pile. The bot- 
tom checker will fly out while the rest of 
the pile remains behind. 


Bodies at rest 


In both experiments the coin and the 
checker are following Newton’s law of in- 
ertia, one part of which states that a body 
at rest tends to stay at rest. This tendency 
is called inertia. If a body at rest is to be 
Moved, the force of inertia must be over- 
come by additional forces. 

Obtain a toy truck and put some 
Weights in it if it is very light. Attach a 
rubber band to the truck. Place the truck 
On the table so that it is at rest. Now care- 
fully stretch the rubber band until the 
truck begins to move. Note how much the 
rubber band had to stretch. Once the 
truck is moving, keep pulling it along ata 


steady rate of speed. Now the stretch on 
the band will be considerably less. The 
children should realize that it took extra 
force to overcome the tendency of the 
truck to remain at rest. 

Rest a metal or plastic tumbler half full 
of water upon a sheet of typewriter paper. 
Place the tumbler about an inch from one 
end of the paper. Now with one hand 
grasp the center portion of the other end 
of the paper and jerk the paper quickly 
toward you. The paper will come out from 
under the tumbler while the tumbler will 
remain where it is. Help the children 
understand that, when you gave the paper 
a quick jerk, you overcame the inertia of 
the paper but not that of the tumbler. In 
fact, by doing this quickly, you did not 
give the tumbler much chance for the 
force of your jerk to act on it. Thus, the 
tumbler remained where it was. Repeat 
the experiment, but this time pull slowly 
and steadily on the paper. By pulling 
slowly you are able to overcome the iner- 
tia of the tumbler as well, and both glass 
and paper move. 

Obtain two medium-sized stones and 
tie each one with thread so that the stone 
has a length of thread above and below it. 
Tie one end of each thread to a door knob 
(Fig. 25-15). Now pull slowly and 
steadily downward on the bottom of 
one thread. The upper thread will break. 
The force you exerted overcame the iner- 
tia of both the lower thread and the rock, 
and enabled you to break the thread at 
the top. 

Now grasp the bottom of the second 
thread and pull downward with a quick 
jerk. The bottom thread will break. You 
now overcame the inertia of the lower 
thread but not that of the rock; thus, only 
the lower thread broke. 


Bodies in motion 


Newton's law of inertia also states that 
a body in motion tends to remain in mo- 
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(a) 


(b) 
Fig. 25-15 Overcoming inertia. 


tion. Cut away one end of a long card- 
board box. A shoe box or a milk container 
will serve. Place a small rubber ball inside 
the box. Slide the box quickly along the 
table. The ball will remain at the closed 
end of the box because it is moving at the 
same speed as the box. Now bring the box 
to a sudden stop. The ball will keep going 
at its original speed and will fly out at the 
open end. The ball was in motion and 
continued to stay in motion because there 
was nothing to stop it. 

Have the children recall what happens 
when they are in an auto which starts up 
very quickly. They fall backward on the 
seat. They are at rest when the car starts 
and they tend to stay at rest. The car 
moves quickly forward while they are still 
at rest; thus, they fall back. If the moving 
car were to stop suddenly, the children 
would now be thrown forward because 
they tend to continue in motion. Remind 
the children that a force was required to 
put both the car and children in motion, 
and another force was required to stop 
them. 

The children should now understand 
that a body at rest tends to stay at rest, 
and a body in motion tends to continue 
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in motion. Furthermore, a force is re- 
quired in both cases to change this con- 
dition. That is, a force is needed to put a 
stationary object in motion, and a force 
is needed to stop a moving object. 


SIMPLE ENGINES 


Almost all engines depend upon the 
same basic principles. All convert chemi- 
cal into mechanical energy. In all engines 
it is the mechanical energy of gas mole- 
cules that finally moves a piston, drives a 
turbine, or produces the jet that results in 
the forward motion. The first engine was 
probably made in Alexandria more € 
2000 years ago by the Greek scientist; 
Hero. 

Commercial Hero engines made of Lem 
or metal are sold by scientific "n y 
houses. These are heated by means 0 4 
burner, an electric test tube heater, or me 
eral candles. The glass ones are very frag 
ile. 

A homemade Hero engine can be made 
from a thoroughly cleaned can with a i»d 
tion cover. (Paint comes in a can wit s 
friction cover.) Punch holes on i: ap 
sides of the walls near the top. Into : : 
holes place metal or glass tubes bent wm 
right angle and each pointing in the sa a 
rotational direction, i.e., clockwise im 
counterclockwise. Solder the metal tu z 
in place, being certain that the tubes s 
clear and not clogged. If glass pager 
used, wrap rubber electrician’s jm 
around the tubes and insert the "ie 
snugly into the holes. Next wrap he 
around the can just under the rim ken 
top. To this attach two thin iren s "m 
18" long. These meet and are attache M^ 
a piece of pull-chain from an old an 
socket. This permits freedom of rota ai 
Next place an ounce of water in the on 
suspend it from a support, close the als 
and heat the can. When the water " 
and steam forms, the steam will escap 


from the tubes, causing the can to rotate 
in a direction away from that of the steam 
jet. 

A simpler variation uses a rectangular 
spice can. Holes are punched diagonally 
opposite each other (Fig. 25-16). Hang 
from a fishing line swivel or pull-chain, as 
above. This is the oldest type of engine 
known. Later you will see how this reac- 
tion engine was a forerunner of jets 
and rockets (pp. 429-32). Another way to 
show reaction or propulsion by reaction is 
to take a tank-type vacuum cleaner and 
place it on a well-oiled, ball-bearing roller 
skate. The skate should rest on a very 
smooth floor. Simply use the tank cleaner 
with its electric cord and no additional 
Parts. Before turning the machine on, re- 
move the dirt-collecting sack and reclose. 
The air rushing out of the back end of the 
cleaner will act as a jet, and the reaction 
Will cause the vacuum cleaner and the 
roller skate to move forward. 

The cannon, which provided mechani- 
cal energy from burning gunpowder, sug- 
gested the next idea in the development of 
the steam engine. The French physicist 
Papin demonstrated that the principle of 
the cannon could be used to lift a weight 
and he thereby devised a means to use 
steam to raise a piston. From this, instead 
of firing a projectile, Newcomen devel- 
oped his engine which depended upon the 
condensation of steam and atmospheric 
Pressure for one half cycle of the opera- 
tion. Watt changed this engine into the 
double-acting steam engine that made its 
adaptation to transportation possible. Ex- 
Periments with internal-combustion en- 
gines operated on illuminating gas were 
done in France as early as 1853. By the 
1870’s, successful gas engines were in use. 
Aircraft steam-turbine engines showed the 
Way for turbojet engines by requiring 
lightweight, high-horsepower engines. 
The advent of jet engines and rockets put 
Old principles back to work. 


ee | 


Fig. 25-16 A homemade Hero engine. (From P. 
Brandwein et al., You and Science, Harcourt, Brace 
& World, 1960.) 


How steam engines work 


To show the conversion of steam to 
mechanical energy, place 3 cc of water in 
a heavy Pyrex test tube set in a clamp at- 
tached to a stand. Fit the test tube with a 
cork. The tube should aim at 45° up- 
ward toward a wall. A target may be 
used if desired. A few trials will show 
where the cork will hit. Heat the water. 
A few seconds after the water boils, the 
cork will be expelled and hit the target. 
For safety against shattering, wrap the 
test tube in a layer of ordinary metal 
window screening made of iron or gal- 
vanized iron. The screening can be se- 
cured in place with lengths of wire tied 
about the tube. 

Some students will have model steam 
engines in working order. In most cases 
they are electrically heated. Point out the 
fact that fuels such as coal or oil nor- 
mally heat the boiler to make steam. 

If you can remove the electrical heat- 
ing unit, you can get a more realistic ef- 
fect by heating the boiler with a Bunsen 
burner or an alcohol lamp. Some model 
steam engines use alcohol as a fuel. A can 
of Sterno (alcohol in solidified paraffin) 
also makes a good source of heat. 

Valves and pistons. 


f To demonstrate 
the action of the valve, make a large torm 
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Fig. 25-17 Illustrating the action of a valve and 
piston. (From A. Joseph et al., A Sourcebook for the 
Physical Sciences, Harcourt, Brace & World, 1961 4) 


of the valve, as in Fig. 25-17, and a model 
of the piston with attached connecting 
rod. Wood stock 1” x 1” is excellent for 
making the valve and piston; heavy card- 
board will also serve. On the blackboard 
draw a cross-section diagram of a steam 
engine to fit around the wood valve and 
the piston. Use colored chalk for the cyl- 
inder and white chalk for the other parts. 
Have one child hold the piston and rod 
in position against the diagram on the 
blackboard or on a large chart. Another 
child does the same for the valve rod. As 
one child simulates the motion of the pis- 
ton, the other child moves the valve rod 
to the correct position for the next stroke. 

Steam turbines. To show the principle 
of the turbine, direct a jet of steam froma 
glass nozzle connected by rubber tubing 
to a steam generator. Aim the nozzle at 
an ordinary toy plastic pinwheel or one 
cut from lightweight aluminum sheet 
metal. 
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(c) 


Fig. 25-18 (a) A steam turbine; (b) erc 
turbine wheel mounting with a glass tube as Ta 
ing at each end of the turbine axle; (c) alterna dp 
turbine wheel mounting with a skate wheel as pe 
ing at each end of the turbine axle. je 
Joseph et al., A Sourcebook for the Physica 
ences, Harcourt, Brace & World, 1961.) 


The circle that is removed from the ma 
ofa tin can by a mechanical can ST e 
makes a good form for cutting a pui nce 
wheel. Every 14” along the gireumfeto 
draw a line to the center of the CIT 


p 


Into each line, cut a %” line with metal 
cutting snips (Fig. 25-18). In the center, 
drill or punch a 1” hole. Take a '4” glass 
tube and heat one end until it closes. Cut 
off the sealed end to form a 2" length. 
Bore a '4” hole in the center of a cork that 
is just over 1" in diameter. Place the tub- 
ing inside the cork. 

Bend the metal between each %” cut 
with pliers, twisting each blade to approx- 
imately 45°, Then curve each blade 
slightly. Next place the cork through the 
center of the turbine wheel.’ Drive a 3” 
finishing nail through the center ofa board 
about 4” x 4" x 34". Next file the nail to 
a sharp point. Slip the glass tube and tur- 
bine wheel over the nail. The closed glass 
tube will act like a low-friction bearing. 

Now take a medicine dropper tube and 
attach it to a strip of metal (a girder from 
àn Erector set will serve) that is tacked or 
screwed to the base. The tube spout aims 
at the turbine wheel blades. Connect the 
dropper tube to your steam generator. 
You can make a steam generator from a 
flask fitted with a loose one-hole stopper in 
Which is inserted a short piece of plastic or 
glass tubing. You might also whittle a one- 
hole stopper to fit the spout of a tea kettle. 
Adjust the angle of the tube until the 
maximum speed of rotation is obtained. 

The principle of the steam turbine can 
also be shown with a small spouted tea- 
kettle. Make a turbine from the round top 
Of a tin can as described above. In the cen- 
ter of the tin circle punch a hole with a 
nail. Mount the turbine wheel either in 
One of the ways shown in Fig. 25-18 or on 
the end of a stick with a nail that fits 
the center hole loosely. You may have 1o 
Wrap string about the nail on each side of 
the turbine in order to keep the turbine 
Steady and to prevent it from rubbing on 
the end of the stick. When the water 1n 
the teakettle is boiling vigorously. hold 
the turbine in the jet of steam escaping 
from the spout (Fig. 25-19). The smaller 


the teakettle's spout, the better. The jet 
from some whistle-type kettles is quite 
strong; however, you may cork the spout 
with a stopper that has a small hole 
through it. 

An alternative method of making a tur- 
bine wheel is to use a disk of cork or soft 
wood and insert foil squares along the rim. 
Their curved shanks act as the turbine 
vanes. 

Toy steam engines make good working 
demonstrations for science instruction. 
Most of these are electrically heated and 
draw about 300 watts, which makes it 
easy to use them in the classroom. Some 
pupils may own such models which they 
can bring to school. Some of these model 
steam engines drive a small electric gen- 
erator which lights a small lamp. 


Action and reaction 


The enormous speed of modern jets is 
achieved without the use of either pro- 
pellers or piston engines. 'The principle 
of a jet engine was based on Sir Isaac 
Newton’s third law of motion: for every 
action there is an equal and opposite re- 
action. Try picking up a heavy boulder 
and throwing it as far as you can. The 
weight of the boulder may even force you 
off balance. This is one of the reasons 
people are cautioned not to throw things 
from high places. 

Children who roller skate know what 
happens when they try to throw a ball or 
other sizable object. As the ball leaves 


eC 


heat source 
Fig. 25-19  Ateakettle steam turbine. 
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SINGLE STRING 


NAIL TURNED SIDEWISE 
HANDLE 


Fig. 25-20 How a rotary lawn sprinkler works. 
(From C. J. Lynde, Science Experiments with Home 
Equipment, Van Nostrand, 1941.) 


the hand, they are forced backward. 
Try throwing a ball while sitting in a 
swing. Newton’s third law of motion is in 
evidence everywhere. For example, 


action 
step ashore from 
skiff or canoe 
frog jumps off lily 
pad or float in 
tank 
rotating lawn 


reaction 
craft bobs away 


lily pad or float 
bobs under 


nozzle revolves, 


sprinkler pushed away by 
turned on force of water 
bullet fired from gun recoils or 
gun “kicks” against 
you 


Rotary lawn sprinkler. With a nail 
punch two holes in a tin can, one on each 
side of the can near the bottom. Also 
punch two holes near the top of the can so 
that the can may be suspended. In each of 
the bottom holes twist the nail sideways in 
a direction parallel to the bottom. Twist 
the'nail in the same sideways direction in 
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both so that they will throw water out in 
the same angled direction. Now suspend 
the can by a string attached to the top 
holes (Fig. 25-20). When water is poured 
into the can, jets of water come out from 
the bottom holes in one direction and 
make the can spin in the other direction. 
Repeat the experiment, using many 
angled holes, and note how much faster 
the can will turn. This experiment should 
help children understand a rotary lawn 
sprinkler. 

Other examples of action-reaction. - A 
good demonstration of action and reaction 
can be set up if two sets of curved tracks 
for wind-up trains are available. Place 
one circle on the floor or table and set four 
flatcars on the tracks. Place the second 
circle of track on a circle of stiff cardboard 
or pressed wood which, in turn, is i 
ported by the four flatcars. Wind up a ^ 
comotive and place it on the upper sie 
The engine will go one way as the tracks 
move in the opposite direction by reac 
tion. " 

The first reaction engine was made E 
most 2000 years ago in Alexandria by er 
Greek scientist, Hero. His aeoliphile, as 
called it, consisted of a hollow sphere 


Aww SS 


out. 
Fig. 25-21 A test tube recoils as its cork y nd 
(From A. Joseph et al., A Sourcebook for m ) 
ical Sciences, Harcourt, Brace & World, ! 


Fig. 25-22 A model jet airplane with a balloon 
motor. (From A. Joseph et al., A Sourcebook for the 
Physical Sciences, Harcourt, Brace & World, 1961.) 


suspended over a fire pot. As steam es- 
caped from two nozzles, the ball revolved 
in the opposite direction. You can make a 
similar reaction steam engine with a spice 
can (see Fig. 25-16). ' 

Heat 1 teaspoonful of water in a small 
test tube that is lightly suspended by thin 
wires. Heat slowly and carefully. Observe 
the tube's movement when the cork pops 
(Fig. 25-21). 

Balance a bottle on two round pencils. 
Place 2 teaspoons of baking soda into the 
bottle, add 2 tablespoons of vinegar, and 
cork loosely. Observe the bottle’s move- 
ment when the compressed carbon diox- 
ide that forms finally pops the cork. 

Children may have watched firemen 
lean against pressure in a fire hose. Mod- 
ern plastic hoses are so light that they 
tend to recoil in your hand as water is 
turned on, Encourage children to look for 
examples of action-reaction in nature. For 
example, the seeds of Eastern jewelweed 
(touch-me-not) are catapulted into the air 
if you touch a ripe seed pod. Squids, oc- 


Fig. 25-23 A jet-propelled boat with a 
balloon motor. (From G. Blough and M. 
Campbell, Making and Using Classroom 

cience Materials in the Elementary 
School, Holt, Rinehart and Winston, 
1954.) 


topi, sea urchins, and other marine ani- 
mals move about by squirting water 
through an orifice in their bodies. 

Balloon as motor. The easiest way to 
illustrate jet and rocket propulsion is with 
a balloon. To soften the rather stiff syn- 
thetic rubber balloons used today, first 
stretch the balloon in all directions. In- 
flate; then release suddenly. It will whirl 
around until all the air has escaped. As air 
rushes out, the balloon rushes in the oppo- 
site direction. Your balloon is really a little 
jet or rocket engine. The backward push 
of inside air pushes the balloon forward. 
The balloon flies about erratically because 
it has no control surfaces. Oblong bal- 
loons therefore work better than round 
ones. 

Fasten the balloon to a lightweight toy 
auto. Escaping air should jet-propel the 
toy. Glue paper wings and rudder to a 
sausage-shaped balloon. Scotch-tape the 
balloon to a drinking straw, fore and att 
(Fig. 25-22). Insert wire through the 
straw and stretch the wire across the 
room or other space. Inflate the balloon 
and watch the air jet move it along the 
wire. 

Make a waxed cardboard (milk carton) 
or lightweight wood boat and drill or burn 
a small hole near the stern (Fig. 25-23). 
Fit a medicine dropper or small plastic 
tube cut from a plastic drinking straw to 
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Fig. 25-24  Ajet-propelled boat with an oil-can 
motor. 


the back of the boat by running it through 
the hole in the stern, and slip a balloon 
over the tube, securing its mouth to 
the tube with string or a rubber band. 
Inflate the balloon through the plastic 
tube. Then place the boat in a large aqua- 
rium or a large tray of water and release 
the air. The boat will move as the air es- 
capes from the balloon, thus producing a 
Jet-propelled boat. If you had a boatload 
of stones which you threw overboard one 
by one, the boat would keep moving in 
the opposite direction. In the case of the 
balloon-motor boat, millions 
cules, rather than stones, 
“thrown overboard.” 
Carbon dioxide cartridge motor. Toy 
jet-operated cars that can travel 60 mph 
can be shaped from balsa wood. In the 
back, carve or drill a hole to receive a car- 
bon dioxide cartridge (sold by drugstores, 
department Stores, mail order houses, and 
hobby shops). The wheels must be very 
lightweight and must spin freely. To guide 
the jet car, place small Screw eyes in the 
top and use long thin wire strung tautly, 
Race these cars down the School corridor 
or across the gymnasium floor. To set the 
carbon dioxide cartridge into action, use 
a small carbon dioxide cartridge “ 


of air mole- 
are being 


gun" 
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(sold by hobby shops) or puncture. the 
lead seal at the mouth of the cartridge 
with a very sharp nail struck with a ham- 
mer. The jet car will scoot down the corri- 
dor at very high speed. (Caution: The end of 
the jet car's run should be cushioned with pillows 
or their equivalent. Keep children back.) 

Carbon dioxide model rocket ship. Set 
up a long thin wire between two posts 
about 60-100’ apart. Ask a student to 
fashion a small rocket from balsa = 
or use a small plastic toy rocket model. 
Into the taii securely fix a carbon dioxide 
cartridge. Suspend the “rocket” from a 
screw eyes through which the wire guide 
passes. Release the cartridge in the ar 
manner as for the jet car. The rocket wa 
scoot down the wire at speeds as high as 9 : 
mph. (Caution: Arrange pillows or their equi 
alent to cushion the end of the rocket’s run.) " 

If a pupil has a flying model plane; is 
can be made to fly for a short time pid 
taching a carbon dioxide cartridge un s 
the center of balance with cellulose s 
If you wish, the plane can be made to r! 

a wire like the model rocket. . 

Oil-can motor. Another pc pes 
tion motor employs a small oil. ie 
mounted on a boat at 30? to the wana 
tal, the spout extending through a x “it 
the boat's flat bottom (Fig. 25-24): iet 
the can place an ounce of water esi 
der it place a small can of Sterno as a a 
Source. After a short time the water i 
boil, and steam will form. The in arat 
80 out of the can in a jet, causing the 
to move forward. 

A way to do this without using oan 
Place vinegar and sodium be car 
(baking soda) in the can. Bubbles 0 vie 
bon dioxide gas will form and go 0" inn 
Spout as a jet, causing the boat to d that 
by reaction. Toy plastic boats are E 
operate on this principle. Sodium der 
bonate tablets are better than the ap à 
since the reaction then proceeds 4 
slower rate. 


is tO 


Fuel 
Compressed air 
Air intake 


Compressor 


Turbine 


Nozzle 


Combustion chamber 


Fig. 25-25 Diagram of a jet engine. (From R. Brinckerhoff et al., The Physical World, Harcourt, Brace 


& World, 1958.) 


Jet engines ú 


Many schemes for jet propulsion of air- 
craft had appeared in the years following 
World War I. The successful development 
of jet-propelled airplanes came, as a prod- 
uct of World War II, with the first British 
air-borne jet engine in 1941. Of course, the 
principle of jet propulsion as applied to a 
vehicle goes back as far as the rockets de- 
vised by the Chinese over 700 years ago. 

To help children understand the com- 
Pression action in a jet engine, inflate a 
balloon and then release the air against 
a small pile of oatmeal, puffed rice, or 
sand. Repeat, this time squeezing the bal- 
loon as the air goes out. Let children de- 
cide which method blew away more mate- 
rial. One part of a jet engine is a pump 
Which squeezes the air to give it more 
push. 

To help children understand the expan- 
Sion of gases due to heating a jet engine, fit 
a balloon over the mouth of a Pyrex baby 
bottle or other heatproof glass. Set the 
bottle in a saucepan of hot water and 
watch the balloon fill. Help the children 
conclude that the balloon was filled by 
heated air expanding in the bottle. In a 
Jet engine fierce heat causes sudden and 
enormous expansion. . 

Make a rough sketch of a jet engine on 
the blackboard (Fig. 25-25). Let the chil- 
dren help you label the parts and decide 
What each part does. Doubtless, one of 


abe » r 
your “junior space men" or an olde 


brother would be pleased to make an en- 
larged drawing for the bulletin board. 

Air is sucked into the nose of a jet and 
under enormous pressure enters a com- 
bustion chamber. Kerosene or other fuel 
is sprayed into the air, and the mixture 
is ignited. The burning gases expand in 
all directions and blast their way out the 
only opening at the rear. The steady burn- 
ing of air and kerosene sounds very much 
like a blowtorch, magnified in intensity 
many times. 

To help children understand vapor 
trails, secure a lamp chimney. Have the 
chimney cool but not cold. When you 
allow the vapors from a flame to rise up 
through the cool chimney, children should 
observe water vapor forming inside the 
glass. Hold a cool mirror at an angle 
above the chimney. Let the children 
watch for water vapor condensing on the 
mirror. If the room is very dry, condensa- 
tion may not occur. At very high altitudes 
the air is so cold that water vapor from the 
burning fuel often cools fast enough to 
freeze into clouds of ice crystals, which can 
be seen. 

Rockets. The simplest kind of jet en- 
gine is a rocket. In some rockets (liquid 
fuel) the fuel and the oxygen supply are 
stored separately. When they are com- 
bined in the combustion chamber, the re- 
sulting gases roar astern at speeds of thou- 
sands of miles per hour. Because a rocket 
does not depend on outside air, it is at 
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present the only practical device devel- 
oped which could fly in outer space. 
People have known about rockets for a 
long time. The Chinese long ago invented 
firecrackers filled with gunpowder, and 
they used gunpowder for firing rockets 
during a siege in 1232. During the fifteenth 
century, an Italian architect, Joannes de 
Fontana, suggested a rocket-driven boat. 
Two hundred years ago an Indian prince 
used bamboo rockets with feathers at the 
end to guide the flight. In 1806, a British 
colonel, Sir William Congreve, developed 
rockets with a range of 3000 yards. And 
it was Congreve’s rockets that inspired 
the familiar line in our national anthem, 
“the rockets’ red glare,” written by Fran- 
cis Scott Key during the 1812 bombard- 
ment of Baltimore. The U. S. Army even 
had a rocket brigade until 1862. But rock- 
ets were discontinued in favor of much 
more accurate cannon. Modern rocketry 
really began with the inventions and ex- 
periments of Robert Goddard, head of the 
physics department at Clark University in 
Worcester, Mass. The antitank bazooka 
used in World War II was a ground-to- 
ground rocket as were the German rockets 
which were used to bombard England. 
Differences between rocket engines and 
jet engines. Rocket and jet engines are 


CAPSULE LESSONS 


25-1 Bring different types of shears to class — 
those for cutting paper, metal, etc. Ask the class 
why the blades and handles are of different 
lengths. Lead into the study of levers and wedges 
and their uses, 

25-2 Remove the handle of a door and have 
the pupils try to turn the axle with their hands, 
Repeat the experiment with a water faucet. 
Lead into the study of wheel and axles and how 
they make work easier. 

25-3 Set up several pulleys: simple ones 
which merely change direction, and combina- 
tions of fixed and movable pulleys which make 
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alike in that their principle of propulsion 
is based on Newton's third law of motion. 
Thus, in both cases, expanding gases from 
the burning fuel travel out from the rear 


, and kick the rocket or jet forward. 


There is one basic difference between 
the rocket engine and the jet engine. The 
rocket carries not only its own fuel but 
also its own supply of oxygen. This is nec- 
essary for travel into space where there is 
no air (and therefore no oxygen) to burn 
the fuel. 

Jets carry just the fuel, and use the oxy- 
gen from the air to burn the fuel. Since the 
jet needs a great deal of oxygen quickly, 
à powerful blower is used to compress the 
air before it reaches the fuel chamber. 

Toy rockets. Toy rockets that work 
under compressed air and water are now 
sold and are very popular. These should 
be operated outdoors to prevent water 
from being splashed over the classroom. In 
addition, they do attain great heights. 

For the more intrepid, model airplane 
shops sell small, dry-fuel rocket engines 
called “Jetex.” These engines are attached 
to small flying model plancs. The fuel is 
ignited by means ofa wick. (Caution: Follow 
to the letter all precautions and instructions give” 
with this rocket engine.) 


work easier as well. Lead into the study of pul- 
leys as machines, and how machines help is no 
25-4 Placea heavy boy on a rotating acm 
stool. Measure the height of the seat from the 
ground. Have a smaller, lighter boy rotate ht 
seat slowly but steadily, then measure the ed 
again. Lead into the study of the screw, inclin 
plane, and wedge. z 
25-5 Have the children make a list of S 
vices that are used to make things go faster. wá 
cuss and study the use of machines to to ines 
speed. You can also do the same with mac 
that change direction. 


of de- 


25-6 Have one pupil bring his bicycle into 
class. Rest the bicycle upside down and make a 
chalk mark on the rear tire. Have the pupil 
slowly turn the large gear attached to the pedal 
until it makes one complete turn. Note the 
number of turns the rear wheel makes while 
this is going on. Lead into a study of gears and 
their uses. 

25-7 Bring in a compound machine that 
you can examine carefully, and take it apart if 
you wish. Make a list of all the simple machines 
you can find in it. See how they operate as sim- 
ple machines, and how they combine to forma 
compound machine. An old typewriter, bicycle, 
alarm clock, or mechanical toy will serve well. 

25-8 Bring in a variety of houschold tools 
and appliances. If possible, see that all six simple 
machines are represented. Observe how these 
devices function. Lead into the study of ma- 
chines and mechanical advantage. 

25-9 Have a child make a list of household 
tools or appliances that make work easier at 
home. Lead into the study of machines and how 
they Operate. 
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Gravity and space travel 


WHAT IS GRAVITY? 


Without being aware of it, every pupil 
in the class knows something about grav- 
ity and the effect of this force—as, for ex- 
ample, the weight of each pupil. This 
weight is the measure of the pull of gravity 
upon the atoms or molecules that make up 
his body. The sum of these atoms is called 
mass. Mass does not change. If you go to 
the North Pole or to the top of a mountain 
where gravity is slightly less, the pull on 
the mass of atoms is less, and you weigh 
less, but your mass does not change. Ifyou 
go down into a deep mine, the pull on the 
same mass is greater, and you weigh 
more. On the moon a pupil would have 
the same mass as he has on the earth, but 
he would weigh one sixth his weight since 
the pull of gravity on the moon is one sixth 
that on the earth. 

Gravity can be simply defined as the 
amount of attraction or pull one mass has 
for another. Only very massive bodies 
have it in an easily measurable amount. 
Even though unmeasurable, all bodies 
possess gravity. Newton’s theory holds 
that all bodies in space attract or pull on 
each other. The amount of the attraction 
depends upon the mass of the bodies and 
the distance between them. Ata particular 
distance the larger the mass, the greater 
the gravitational attraction. For any two 
bodies the farther apart they are, the less 
the amount of gravitational attraction be- 
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tween them. At twice the original dis- 
tance the gravitational attraction is one 
fourth its original value; at three times 
the distance, it is one ninth, etc. 


SHOWING GRAVITY 


Gravity pulls all bodies toward the cen 
ter of the earth. To show this, take a pne 
cardboard geography globe and pact 
it at the seam. Then glue small ae é 
the inside of the globe’s surface. x 
greater the number of magnets ae s 
the better the experiment will work. " 
reassemble the globe, seal the seam kack 
cellophane tape, and place the globe s 
in its stand. Using tin snips from the s 
cover of a tin can, cut out a simple out! a 
figure of a man 1" high. Include 
section of metal below the legs. of . 
mannikin, and then bend the section e 
derneath to act as a stand. Now place in 
figure on the globe near one of the ^ 
nets, and it will be held in place y the 
magnet. Use the model to show tha hen 
figure is pulled toward the center Wen 
it is both at the North Pole and ra the 
South Pole. Now is the time to aS t 
class which way is *up." By mue see 
little man, the pupils should readily 
that “up” simply means away from ar 
earth, while “down” always means tow 
the center of the earth. 


x up 
If a cardboard geography globe !$ 


Y 


OX 


Fig. 26-1 Objects falling from the same height 
hit the floor at the same time. 


available, use a grapefruit and toothpicks. 
Insert the toothpicks into different points 
of the grapefruit so that they all stick out 
straight. Then fasten tiny paper figures to 
the protruding ends of each toothpick. 


Rising and falling objects 


When a ball is thrown up into the air, 
the earth’s gravity pulls on the ball as 
soon as it leaves your hand. Soon the ball 
Slows down, stops, then is pulled back 
toward the earth. Help the children un- 
derstand that gravity is always acting on 
the ball. If the ball had been thrown out 
horizontally instead of vertically, gravity 
would immediately begin to pull it down 
€ven while it was traveling horizontally. 
In fact, it would not take any longer time 
for the ball to fall than if it had been just 
dropped from your hand at the same level 
you threw the ball out horizontally. 

You can show this quite effectively. 
Place a 12" ruler obliquely at one corner 
of a table top. Let one end of the ruler just 
Project over the edge of the table, and 
have the other end about 1” from the 
edge (Fig. 26-1). Now place a penny 
9n top of the projecting end of the ruler. 
Place a second penny on the table, be- 
tween the other end of the ruler and the 
edge of the table. With the flat part of 
another ruler strike the projecting end of 
the first ruler sharply, using 4 horizontal 
Motion. Draw the second ruler quickly 
back as soon as you have struck the first 
ruler. One penny will fall straight to the 


floor while the other travels in a long arc. 
Listen to the sounds of both pennies as 
they hit the floor. They will both hit at 
the same time. To get this desired effect, 
you may have to practice a few times in 
order to acquire the knack of releasing 
both coins at the same time. 

The sun, the moon, the planets, and 
the stars all have their own forces of grav- 
ity. Eath one has a gravitational force 
different from that of the earth, depend- 
ing upon the materials that make it up 
and how tightly packed it is. A wonderful 
way to show the effect of the moon's grav- 
ity on the earth is to study the tides. Also, 
the sun's gravity holds the planets in their 
orbits, while the earth's gravity holds the 
moon in its orbit. 

If we want to escape the earth's gravity 
completely and take off into space, we 
need a rocket traveling at a speed of about 
25,000 mph. This is called the escape 


velocity. 


The fall of two objects 


What effect do you think size and 
weight have on the time it takes two bodies 
to fall the same distance? Obtain two mar- 
bles of different size, a wooden block, and 
a hammer. Set the block near the edge of 
the table and place the marbles against 
the side of the block nearer to the table's 
edge (Fig. 26-2). Tap the center of the 
block moderately with a hammer. You 
must hit the block in the center to get 
accurate results. Both marbles will hit the 


Fig. 26-2 The weight of an object does not affect 
its rate of fall. 
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floor at the same time. Help the children 
understand that when gravity pulls ona 
body, the pull is the same, ounce for ounce 
or pound for pound. Every ounce of mat- 
ter is pulled with an equal force of 1 
ounce. Thus, size and weight have nothing 
to do with the time it takes for objects to 
fall. 

However, the resistance of the air does 
make a difference. Get a flat piece of alu- 
minum foil and a marble. Hold them out 
in each hand at arms length and let them 
drop. The foil will float down, taking 
longer to fall. Now fold the foil up very 
tightly and compactly. Hold the folded 
foil and the marble at arm's length again 
and let them fall. This time they will 
both hit the ground at the same time. 
Point out that when the foil was dropped 
the first time, the air resisted the move- 
ment of the foil more than it did that of 
the marble. The second time the air re- 
sistance was cut down by reducing the 
amount of foil surface exposed to the air. 
You can also use two sheets of typing 


paper, one rolled into a ball, the other 
flat. 


WEIGHT AND GRAVITY 


All the pupils know about weight and 
the use of pounds and ounces in weigh- 
ing materials. They will be interested to 
know that weight is simply the measure 
of the pull of gravity upon themselves. 
Ask each child his weight by saying, *How 
much does gravity pull on you?" 

Obtain a small cardboard box, a large 
rubber band, a ruler, thread, and some 
marbles. Place the ruler on a table so 
that about 3" extends beyond the table. 
Place a pile of books on the rest of the 
ruler so that it will not topple over dur- 
ing the experiment. Insert one end of the 
rubber band into a Paper clip and loop the 
other end of the rubber band over the pro- 
truding end of the ruler. Then insert into 
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Fig. 26-3 Weight is a measure of the pull of 
gravity. 


the lower end of the paper clip a loop of 
thread attached to the sides of the a 
board box (Fig. 26-3). Make a pointer by 
bending one end of the paper clip into 

horizontal position. . 

Now add marbles one by one and no 
tice how the rubber band stretches. The 
stretch of the rubber band clearly oe 
the pull of gravity on the marbles. 5€ 
place the rubber band with the pora 
from an old window-shade roller and ae 
peat the experiment. Suspend the e : 
from a cup hook screwed into the un s 
side of the ruler. If a window-shade ro ht 
is unavailable, you can obtain à nm 
porch-door spring from the hardwa 
store. ing 

Obtain a laundry scale or other ico 
balance. Use it to weigh objects as ae 
ples of measuring the pull of gravity: i 
out that the laundry scale and other i ich 
balances make use of the spring uh 
operates just like the one in the exP 
ment above. 

If you like, you may make you 
spring balance, using the cardboar ihe 
marbles, paper clip, and spring we 
window-shade roller or porch door. nite 
ply cut out a long narrow strip jd the 
cardboard. Slide one end underneat 


f oO. 
d box, 


ruler and let the rest hang down. With 
the cardboard box empty, mark with a 
black crayon the point where the pointer 
touches the card (Fig. 26-3). This is zero. 
Now add one or more marbles at a time 
and make a mark at each new position of 
the pointer. Label each mark to denote 
how many marbles it took the pointer to 
reach this mark. You now have a balance 
with marbles as the unit of weight. Take 
out all the marbles from the cardboard 
box. The pointer may not go back to the 
zero mark if the rubber band has become 
strained. If this happens, adjust the loop 
of thread until the pointer does read zero. 
Now add a stone or any other object to the 
box and see how many “marbles” it 
weighs. 


Weight in other places 


You can intrigue the children by giving 
them an idea of what they would weigh 
9n the moon, on Mars, and on the sun. 
For example, the moon's pull of gravity 
IS about one sixth that of the earth, so 
that a person would weigh only one sixth 
his weight on the earth. On Mars the pull 
ie gravity is one third that on the earth, 
So that a person would weigh only one 
third his weight on earth. But on the sun 

* would find a force of gravity 26 times 
as strong as the earth’s gravity, so that he 
Would weigh 26 times as much on the sun. 
Now let the pupils figure out their weights 
9n the other planets. 

he pupils may also be astounded to 
now that they weigh a minute amount 
ess on top of a high mountain than they 
do at the foot of the mountain. The higher 
"P you go above the center of the earth, the 
*55 the force of gravity. At 8000 miles a 
Person’s weight is only one fourth as 
Much as at the earth’s surface; at 12,000 
Miles, one ninth as much; and at 16,000 
Miles, one sixteenth as much. Have the 
Pupils compute their weights at these alti- 
tudes, 


Increasing one’s weight 


Some pupils may have heard or read 
about the violent forçes called “g’s” when 
rockets and jet planes are discussed. A “g” 
is simply a force equal to the earth’s grav- 
ity. Thus, one “g” on a 30,000-pound air- 
plane equals 30,000 pounds. Each pupil 
can tell what the “g” force is on himself. 
The answer is his own weight. If a boy 
weighs 90 pounds, the one “g” on the boy 
is 90 pounds, and five “g’s” on the boy is 
five times 90 or 450 pounds. 

Increasing speed or changing direction 
of movement increases the “g” forces dur- 
ing the acceleration or change. A pupil 
can show this with an inexpensive balsa 
wood glider. Fasten a weight to the wing 
with a thread and move the glider in 
level flight. The wing does not break. 
Next have the pupil dive the model and 
then suddenly level the glider. The wing 
snaps off because the “g’s” increased dur- 
ing the dive. Test pilots find out how 
many "g's" a plane can stand by diving 
it and then flattening out. 

The U. S. Air Force tests the effect of 
increased “g’s” on a man by swinging a 
man around a circle in a closed cockpit. 
You can show this by using a ball at- 
tached to a rubber band and swinging it 
in a circle. The faster you swing the ball, 
the larger the circle because the ball acts 
as if it is heavier. This is because the ball 


has more “‘g’s” acting on it. 


Finding the center of gravity 


Obtain a piece of cardboard and cut 
out an irregular shape like that shown in 
the diagram (Fig. 26-4). With a thin nail 
puncture the cardboard at four different 
points. Label these points A, B, C, and D 
with black crayon. Push a small nail or 
long tack through point A and suspend 
the cardboard from the bulletin board. 
Drive the nail only a short way into the 
bulletin board and make sure that the 
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| — Plumb line 


Fig. 26-4 Finding the center of gravity of an ir- 
regular shape. (From R. Brinckerhoff et al., Explor- 
ing Physics, Harcourt, Brace & World, 1959.) 


cardboard is always able to swing freely 
back and forth. This is important to the 
success of the experiment. 

Now tie a thread to a small stone and 
make a loop at the free end of the thread. 
Pass the loop over the end of the nail and 
let the stone and thread hang down. With 
a pencil mark off a point on the cardboard 
directly underneath the thread, to show 
the vertical direction of the thread. Label 
this point E. Repeat the procedure with 
points B, C, and D and label the new di- 
rection points F, G, and H, respectively. 
Now draw the lines AE, BF, CG, and 
DH. These lines will all meet at one point. 
If you now push a pin through this point, 
you will find that the cardboard will be 
perfectly balanced in any position you 
place it. 


Point out to the children that this point 
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is called the center of gravity. Help them 
understand that this is the point where all 
the weight of the cardboard seems to be 
concentrated, or centered. When we find 
the center of gravity of an object we have 
actually located the center of the object's 
ight. 

w^ out a cardboard rectangle and de- 
termine its center of gravity in the same 
way. Make a pinhole through the center. 
Now turn the cardboard on the other side. 
Using a ruler and pencil draw two diago- 
nals from the top of one end to the bottom 
opposite end. Both diagonals should ip 
cross at the pinhole. The pupils shouk 
now realize that for regular-shaped or uni- 
form objects the center of gravity 1$ at 
the mid-point. 

B pee of the children M 
yardstick on his finger. Note that, when : x 
yardstick is balanced, the pupil's on 
on or about the halfway mark, or 18”. A 
cause the yardstick is uniform, the nr 
of gravity is at the mid-point. Now d of 
jackknife or any other object to one en n 
the yardstick. Let the pupil balance a 
stick again. When the stick is boraner 
the pupil’s fingers will be much closer is 
the heavier end. The center of gravity 
now located nearer the heavier end. dit 

Take a large soda bottle and stan : 
on its base. The bottle does not E 
easily because the center of gravity !5 s 
cated nearer the heavier end, py : 
middle of the bottle. Now stand the qun 
tle upright on its narrow mouth. fint 
bottle will tip over very easily because id- 
center of gravity is located above the ™ - 
dle. This tends to pull the bottle Sana 
standing position. A bottle in this poS! 
is usually denoted as top-heavy. 

Some of the pupils may point ou 
the base of iiie botti is broad, while m 
mouth is narrow, and that this ae ct 
make a difference. This is an n an 
observation and will provide you wit her 
opportunity to show the relationship 


out that 


Fig. 26-5 Stability depends on the relationship 
between the center of gravity and the base of an 
object. 


tween the center of gravity and the base 
of an object. 

From the supermarket obtain a wooden 
crate with the original cover. Nail the cover 
back on so that you have a uniformly rec- 
tangular object. Find the center of gravity 
by drawing two diagonals and locating 
the mid-point. Now place the crate on its 
narrow end. Drive a nail halfway into 
the mid-point, and loop a black thread at- 
tached to a rock over the head of the nail. 
Make sure the thread and stone can swing 
freely. The thread should be long enough 
so that the rock almost touches the floor 
(Fig. 26-5). Now tilt the crate at various 
angles. Point out that, as long as the ver- 
tical line of the thread and stone falls in- 
Side the base, the crate will not tip over- 
But once the vertical line falls outside the 
base, the crate will tip over. 

Repeat the experiment, placing the 
crate on its broad side. You will have to 
Shorten the thread. Note how difficult it 
is to tip the crate over this time. The 
Crate must be tilted quite some way be- 
fore it will topple over. Have the pupils 
Measure the distance between the center 
of gravity and the ground when the crate 
is on its narrow side and on its broad side. 


Balancing objects 

The pupils should now readily under- 
stand that there are two ways of making 
an object stable so that it will not tip over. 


You can lower its center of gravity or you 
can broaden its base. Auto designers have 
done just this. Modern cars have wide 
bases, and also their Weight is concentrated 
at a low point. 

Many toys and stunts make use of the 
low center of gravity or broad bases to 
create startling effects. The children would 
enjoy making some of them. 

Obtain an orange and some pipe clean- 
ers. Cut the orange in half. Arrange the 
pipe cleaners so that they form a little 
mannikin, then insert the figure into the 
center of one half of the orange. When- 
ever the orange is pushed over, it will bob 
up again. 

Obtain a jackknife and a sharpened 
pencil. Open the large blade so that it is at 
right angles with the handle. Push the 
point of the blade into the pencil at a point 
near the sharpened end. Balance the 
knife and pencil (Fig. 26-6). When the 
pencil is balanced, a gentle push on the 
knife will make both knife and pencil 
rock back and forth. 

Obtain an apple, two similar forks, a 
thin nail about 3” long, and a soda bottle 


Fig. 26-6 A heavy knife balanced by a pencil. 
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raw vegetable or 
(modeling clay 
Y 


Fig. 26-7 Using a low center of gravity to make 
a sharp point stable. (From UNESCO Source Book 
for Science Teachers, UNESCO, 1956.) 


stoppered with a cork. Remove the stem 
of the apple and in its place push in the 
nail until all but '^" is in the apple. Now 
insert the forks into the apple (Fig. 26-7). 
Balance the head of the nail on the bottle 
top. Give the top of the apple a gentle 
twirl, and the device will spin. 

Cut a slice of the apple about 1" thick. 
Push the point of a sharpened pencil al- 
most but not quite through the piece of 
apple. Insert a fork (Fig. 26-8) and bal- 
ance the setup on the edge of the table. 
Give the eraser end of the Pencil a slight 
push downward. The pencil will bob up 
and down. 

Obtain two similar forks and a half 
dollar. Insert the half dollar between the 
first and second tines of each fork. Then 
balance the combination on the edge of 
a water glass (Fig. 26-9). 


ON OUR WAY INTO SPACE 


The Wright brothers’ “contraption” 
flew 120’ in 12 seconds or about 31 
mph. Within 50 years airplane builders 
achieved propeller-driven planes which 
flew nearly 600 mph. And that was as far 
a5 they could get. With the development 
of jet engines, speeds increased only to 
come up to a speed (approximately 760 
mph) at which the plane was severely 
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jolted. This speed is the same as that of 
sound and is thus called the “sound bar- 
rier.” At this speed sound waves pile up in 
front of the plane, thereby increasing re- 
sistance. Also the front edges of the plane 
pile up the air. This huge mass of com- 
pressed air would seem to buffet the plane 
with shock waves so severe that the wings 
could be torn away. Redesigning aircraft 
structures finally made possible flight at 
speeds faster than the speed of sound. 
The higher one goes, the fewer the num- 
ber of molecules. With greater and greater 
distances between slower and slower mol- 
ecules, speed of sound also slows. As the 
chart below shows, sound travels 100 mph 
slower at 40,000’ than it does at sea level. 


sea level 760 mph 
10,000’ 735 mph 
20,000 710 mph 
30,000’ 680 mph 
40,000’ 660 mph 


Smashing the sound barrier 


Why should it be so hard to make 
something go faster than sound? a 

The children have learned (Chapter 15) 
that the air is made up of tiny pare 
cles called molecules. In this chapter are 
many demonstrations showing how sound 
waves are moving areas of compression 
and rarefaction, 

A plane engine warming up is ed 
rounded by the sea of sound waves kicke 
up by its propeller. As the blade cuts into 
the air, every particle of air in its path I5 


Toble 


Row vegetable 


or 

modeling clay , 
jec 

Fig. 26-8 Another way to balance an iW 

hanging off a table. (From UNESCO Source 

for Science Teachers, UNESCO, 1956.) 


half dollar 


Fig. 26-9 A balanced coin. (Redrawn from 
UNESCO Source Book for Science Teachers, 
UNESCO, 1956. 


compressed or bunched, and then rarefied 
or thinned as it falls behind the plane. 

If you hear a plane overhead, the sound 
Waves are pouring off from it in all direc- 
tions at over 700 mph. What would hap- 
pen if the plane could go fast enough to 
catch up to its own sound waves? 

Asa plane increases its speed, the com- 
Pression waves in front are crowded closer 
and closer together. Children who 
have used hand pumps on their bicycle 
tires know how hard it is to compress air. 
In the same way a speeding plane has to 
Push harder and harder as it approaches 
the speed of sound to compress the air in 
front of it. 

In laboratory wind tunnels, scientists 
found that ordinary plane models were 
Wrenched apart when air speed ap- 
Proached that of sound. The special kinds 
of sound waves piled up in front of ob- 
Jects traveling at or above the speed of 
Sound are called shock waves (Fig. 26-10). 
The crack of a whip is an example of such 
8 Super-squeezed compression wave. 

With the power of jet engines, designers 
Saw the possibility of getting the push 
needed to drive a plane past the sound 

arrier into the world of silent and smooth 
fying beyond. 

Flying through space has for centuries 

cen one of man’s persistent dreams. 
Cyrano de Bergerac (1619-55), later the 
ero of a nineteenth century French play 
by Edmond Rostand, wrote of a space ship 
Made like a huge box with holes at each 


end. Air heated by lens-focused sunlight 
was to rush out one of the holes and drive 
the box ahead. Many adults as children 
read Jules Verne's books as fantasy. Yet 
20,000 Leagues Under the Sea has come to 
full reality. His space travel novel, From 
the Earth to the Moon, written in 1865, is 
on the edge of becoming fact. 

Many of the principles behind flight in 
space are of such a nature that they can- 
not be easily demonstrated in the class- 
room. In some instances analogies can be 
drawn; in others your firmest ally will be 
the children's imagination. 


GRAVITY AND SATELLITES 


The legend about the famous apple 
falling on Newton's head is supposed to 
have started him thinking about the pull- 
ing power of the earth—gravity. He won- 


"Shock wave 


(a) 


shock wave 


(b) 


Fig. 26-10 Shock waves: (a) created by a nor- 
mal airplane wing at subsonic air speed; (b) cre- 
ated by a supersonic airplane wing at supersonic 
air speed. (Redrawn from E. A. Bonney, Engi..eer- 
ing Supersonic Aerodynamics, McGraw-Hill, 1950.) 
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dered why the moon did not fall into the 
earth. On the other hand, he knew the 
moon was moving—why didn’t it simply 
fly off into space? From observation he 
calculated that each second the moon 
moves two thirds of a mile. During this 
time it falls toward the earth one twenti- 
eth of an inch. These two motions are 
such that a nearly perfect circle about the 
earth results. There are two major forces 
acting upon the moon—its forward mo- 
mentum and the pull of the earth’s grav- 
itation. When the curve of a falling object 
on the average of its path matches the 
curvature of the earth, that object per- 
petually “falls” toward the earth without 
ever hitting it. This is true of the moon. 
It is also true of the artificial earth satel- 
lites. The pull of the earth and the forward 
momentum must be correctly balanced. 


A thrown ball 


When you throw a ball, the line it de- 
scribes through the air is a curve. How- 
ever, the curve is much steeper than the 
curvature of the earth, and thus the ball 
falls back to the surface. Pretend that the 
earth is perfectly smooth and that there is 
no air. If one could throw a baseball hard 
enough, its curve of falling would exactly 
correspond to the curvature of the earth, 
and, like the moon, the ball would fall 
perpetually. 

Now the earth is not smooth and it 
does have an atmosphere. Yet, in essence, 
what we have had to do to orbit satellites 
is to throw them hard enough so that they 
escape the earth’s atmosphere. A series 
of rocket stages is used to provide the nec- 
essary force and boost the satellite into 
space. Above the atmosphere there is rel- 
atively little friction to slow the satellite 
down once it is moving at a speed where 
the curve of its fall toward the earth is 
such that it does not hit the earth. 

Jet children throw a ball or any ob- 

ject and observe how it follows a curved 
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path, called trajectory. Then let them ob- 
serve how speed determines trajectory. 
An object thrown slowly describes a 
steeper curve than one thrown fast. i 
There is a paddle tennis game which 
uses a rubber ball attached to a long rub- 
ber band. Whirl this around your head 
just fast enough so that the ball and elas- 
tic are nearly horizontal. The ball is the 
moon, and the rubber band represents the 
earth’s gravitational pull on the moon. 
The force pulling the ball inward (cen- 
tripetal force) is the gravitational pull. 
The whirling ball exerts a pull outward 
(centrifugal force). When you whirl the 
ball at just the right speed, one force bal- 
ances the other. Observe what happens 
if you whirl too slowly. Help children 
make the analogy between this and the 
speed required to orbit an artificial satel- 
lite. Notice that the band stretches out- 
ward (i.e., the length of the orbit increases) 
when the force put into the whirling is 3 
creased. If the length of the band is sud- 
denly shortened, the number of revolu- 
tions sharply increases. Point out that the 
moon circles the earth once in 28 days 
Artificial satellites, which are only a ot 
hundred miles out as against the inte 
distance of 240,000 miles, revolve abou 
the earth many times a day. — — dec 
You can make your own whirling 
vice by passing a string through a pees 
rubber ball and then through the Mm 
hole of a thread spool. For firmer i 
you may tie a weight on the end of t 
String that passes through the spool. lly 
One of your older students especia at 
interested in space might point out t ot 
the orbits of the artificial satellites are P 
circular but are elliptical (peal pe, 
You can explain this in the following W » 
When a satellite is sent up, the last on 
(Fig. 26-11) should shoot exactly in 5 
with the earth’s surface at the right SP€ s 
for that altitude. However, nearly - 
errors occur. If the speed is too greats 


ACCU INS 


Fig. 26-11 Rocket stages in 
ical World, Harcourt, Brace & World, 1958.) 


Satellite will swing out further, ie., the 
Curve of part of its orbit will be a little 
greater than the curve of the earth. As it 
Curves out, it loses speed, and as it loses 
Speed, the curve approaches that of the 
earth. Once a satellite is set on a partic- 
ular orbit, it will keep to that orbit. If the 
error occurs in the direction in which the 
last-stage rocket points the satellite, the 
Same kind of oval orbit can result. If the 
Error is too great, the satellite curves out 
sharply and then curves back to the earth 
in a sharper curve than the earth’s surface. 
If this curve is sharp enough, the satellite 
Crashes into the earth's atmosphere and 
burns up from friction. The opposite can 
Occur. If the satellite is shot off with a 
Speed greater than 18,000 mph, the curve 
of the orbit is so shallow that it never 
comes back on itself; thus, the satellite 
Swings off into space, never to return. In 
Order to put a satellite into orbit, its 
Curve must never be so steep as to plunge 


Tue 


Vi 


getting a satellite into orbit. (Redrawn from R. Brinckerhoff et al., The Phys- 


it into the earth’s atmosphere, nor so 
shallow that it does not come back on it- 
self. In other words, a satellite orbit can 
either be a circle or an ellipse, but not a 


parabola. 


Launching a satellite 


Satellite rockets carry a huge load of 
fuel to make the speed to orbit the satel- 
lite. To make the grade is like climbing 
an enormous hill which gets easier the 
longer you climb. 

The solution to the problem was piggy- 
back rockets (Fig. 26-11). The bottom 
stage drops off as it burns out, thereby re- 
ducing the over-all weight and permitting 
increasing speed. The second stage, in 
turn, burns and drops away, while the 
third imparts the final speed and direc- 
tion. 

Once the satellite is in an orbit beyond 
the earth’s atmosphere, it requires no fur- 
ther fuel. It merely obeys Newton’s law 
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that a body in motion tends to remain in 
motion. 


The atmosphere as a barrier 


We live at the bottom of an ocean of air. 
Just as there are different layers of water 
at different depths of the oceans, there are 
different layers of air in the atmosphere. 
As far back as 1730, Dr. Edmund Halley 
theorized that the air above earth was 
divided into layers. 

In 1900 a French meteorologist, Léon 
Teisserenc de Bort, used instrument-car- 
rying balloons to expand Halley’s theo- 
ries. Teisserenc de Bort named the lowest 
layer the troposphere. In this layer occur 
major weather phenomena. The depth of 
the layer differs seasonally and latitudi- 
nally, being deeper over the poles than at 
the equator. Teisserenc de Bort named the 
second layer the stratosphere because its 
relatively constant temperatures permit- 
ted horizontal layers of wind currents, now 
called jet streams. Since his time, scientific 
research has named two other layers: the 
ionosphere, where the air is electrically 
charged by the sun; and the exosphere, 
the outermost layer identified to date, 
which contains single atoms of nitrogen 
and oxygen, all circling the earth like mi- 
croscopic satellites. Nearly all the mole- 
cules in the earth’s atmosphere are within 
23 miles of the ground. 

Getting the satellite up through the at- 
mosphere and beyond into orbit is difficult 
and vital. Any child who has pedaled a 
bicycle against the wind knows what “air 
resistance” means. A child who has slid 
down a rope knows that friction generated 
heat. In his imagination let him picture 
tons of air rubbing against a rocket at 
thousands of miles per hour, and he is 
on his way to understanding why satel- 
lites (and meteors) burn up when they 
strike the earth’s atmosphere at high 
speeds. 

As fast as a rocket rises, it does not be- 
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gin to attain orbital speed until it is above 
most of the earth’s air. If, in the first few 
hundred feet, it attained full speed, a good 
deal of the energy of the rocket's fuel 
would be wasted pushing against air. 


IMPORTANCE OF SATELLITES 


All the potential uses of space satellites 
are not yet known and will, of course, de- 
pend upon knowledge yet to be discov- 
ered. Some obvious benefits are noted be- 
low. 


Acquisition of new knowledge 


From the kinds of orbits satellites take, 
we learn the exact shape of the earth. 
Though it is nearly a perfect sphere, it 
does have a very slight pear shape. Instru- 
ments inside the satellite radio back to 
earth data on the nature of radiation in 
space, the number of meteors, tempera- 
ture, etc., and this data is recorded and 
studied. At present we are planning to 
mount a telescope in space as an earth 
satellite and, for the first time, see the uni- 
verse without the shimmering, hazy, filter 
of the atmosphere, Medical and other s 
search needing an environment free of mi- 
crobes will be possible in space. 


Weather forecasting 


Until recently man has been in the posi- 
tion of trying to talk about something 
which he has only seen in pieces—the 
weather. A satellite can take TV image? 
and photographs of huge areas so that va 
can see at a glance the weather pattern © 
the world. These, in turn, may be related 
to solar flares, sunspots, and other phe 
nomena so that it may some day be poss” 
ble to predict weather months in advance 
Typhoon, hurricane, tornado, and on 
warnings well in advance will be possible- 
Savings could run into hundreds of mil- 
lions of dollars a year. 


Communication 


Several satellites in orbit whose speed 
and direction match the speed and direc- 
tion of the earth’s rotation would seem to 
hang motionless over various spots. These 
could be used to relay television, radio, 
and telephone signals to or from any place 
in the world. 


MANNED SPACE TRAVEL 


_As formidable as are the problems be- 
hind the successful launching of a satel- 
lite, getting a man into space (and getting 
him back) is much more difficult. Wher- 
€ver man goes, he must take a miniature 
of his world with him. 

He must have food, water, pressure, 
©xygen, and protection against meteors 
and radiation. He must not be crushed to 
death by too high speeds of acceleration 
and deceleration. He must not be frozen 
9r cooked by temperature extremes. He 
Must be able to cope with weightlessness. 


Food and water in space 


hs Experiments in condensing food are be- 
a performed. Furthermore, when space 
PS reach a large size, plants such as al- 
Bae may actually be grown aboard. This 
eee has a tremendous economy to 
od ee would the growing plants be 
ùp = Se while growing, they would use 
uet) a; on dioxide (a human waste prod- 
aud M produce oxygen, which, in turn, 
Wast e breathed by humans. Other 
es could be used to fertilize the plants. 
chive purification systems are being de- 
d which would enable the same 
€r to be used over and over again. 


T n 
aking along pressure 


Mapa the _10-mile limit is really 
10 mil i step into outer space. Above 
the im man would blow up because of 
Side MES ps in pressure between the in- 

the outside of the body. In this 


low-pressure environment, water, and 
therefore blood, would boil at normal 
body temperature, 98.6° F. 

The space traveler must take pressure 
with him. He can do this in two ways— 
either by building an airtight room (or 
cabin) or by means of a pressurized suit. 
Both of these have been designed and are 
being tested. 


Oxygen in space 

People who drive over high mountain 
passes sometimes feel the lack of oxygen. 
In the ascent of Mount Everest, the climb- 
ers, Tensing Norkay and Edmund Hillary, 
each carried oxygen tanks. Help children 
see the analogy to deep-sea divers and 
their oxygen tanks. At 18,000' there is 
just one half as much oxygen as at sea 
level. Above 50,000' there is not enough 
oxygen to live; you would die in 15 sec- 
onds. This is only 10 miles up, or on the 
lower edge of the stratosphere. Planes fly- 
ing from 8000 to 40,000’ need to pressur- 
ize their interiors or else provide individ- 
ual oxygen masks. Because of the pres- 
sure differential, the plane windows must 
be very thick and the openings carefully 
sealed. For this reason anything falling 
out of a plane at high altitude is pulled 
out as though by giant suction. 

Oxygen compressed in tanks would be 
carried. As was mentioned earlier, it could 
also be provided from growing plants. The 
air would have to be filtered and treated 
to remove carbon dioxide and water va- 
por. Because a coasting or orbiting space 
ship has no weight, fans would be needed 
to circulate the air; otherwise, a man 
could suffocate. Review the nature and 
cause of convection currents to see why 
such currents would not occur under 
weightless conditions. 


Radiation protection 


A space suit or space cabin will also 
have to protect the space man from cosmic 
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and other radiations. Preliminary satellite 
signals have already furnished valuable 
and unexpected information on the kinds 
and intensities of radiation that would be 
encountered. 

Our atmosphere is, in effect, the earth’s 
space suit, acting as a shielding against 
cosmic particles, life-destroying ultraviolet 
and x-rays, etc. In space man must carry 
his shield. Meteors may also bombard 
him. 

An astronomer calculates that the 
chances of a rocket with %” aluminum 
skin being punctured by a meteorite are 1 
in 5000 per day. On a 1000-day trip to 
Mars this risk becomes 1 in 5. Space men 
are warned to avoid meteor showers and 
comet orbits, especially in the region be- 
tween Mars and Jupiter where thousands 
of asteroids are located. Rockets may be 
designed with a *Meteor Bumper" or thin 
extra outside wall. Perhaps the solution 
will be similar to that used in puncture- 
proof tires—a liquid chemical which 


oozes into any meteor holes in the outer 
skin. 


Acceleration-deceleration 


Men traveling inside a space ship must 
be able to cope also with enormous changes 
in speed during takeoff and landing. Scientists 
measure the pull of gravity on the earth's 
surface as 1 “g.” Some men can stand the 
pull of a force many times their ordinary 
weight. Sometimes test pilots black out 
under only 22-5 *g's" unless special pro- 
visions are taken. Experiments have shown 
that a man is much less apt to black out if 
he is subjected to pressure while lying 
down. Also the special pressurized suits 
which prevent blood from leaving the 
brain and which have been used for years 
by pilots of high-speed airplanes will be of 
help. For short periods of time, properly 

suited and positioned, a man can stand a 
stress of many gravities. 
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Space temperatures 


There are two sources of heat extremes 
which will beset space exploration —fric- 
tion and radiation. Friction from air mole- 
cules which can melt metal and burn a 
meteorite can kill the inhabitants of a ship. 
However, this problem exists for the most 
part only at the beginnings and endings of 
voyages. Even now special materials have 
been developed to sustain great heat. Also 
special techniques of moving in and out of 
the atmosphere are being explored. 

Heat from solar radiation, however, 
will last the entire voyage. Without air to 
disperse and absorb radiated heat, objects 
in space will simultaneously boil and 
freeze. The side to the sun will overheat; 
the side in shadow will plunge well below 
freezing. 

Let children review the relation of dark 
and light colors to temperature (Chapters 
18 and 20). For example, locate two ther- 
mometers which register the same at the 
beginning of the experiment. Set each in 
a #10 tin can in a sunny window. The 
outside of one can should be painted 
black. Check after 20 minutes. The ther- 
mometer in the black can should give a 
higher reading. Space suits need to reflect 
the sun's rays on one side and have some 
heater to keep the dark side warm. Space 
ships must use a special white reflecting 
paint or checkerboard design. 

Undiluted, unfiltered radiation in space» 
while a problem, may also be a boon t? 
space travelers. It might be used as ? 
source of energy. Huge mirrors could col- 
lect the heat and thereby generate elec- 
tricity. One theory speculates that the 
slight but persistent pressure which radi- 
ation exerts could be used to drive a SPac® 
ship. Large sails made of metal foil woul 
be spread out to pull the ship along. 

Being airless, space presents another 
problem, a seeming contradiction. Fille 
with intense light, it will also be jet black. 
On earth we are used to light flowing # 


about us. Shadows are dark but not so 
black that nothing can be seen in them. 
Air breaks light up and sends it off in ev- 
ery direction. In space there is only the 
incredible glare of the sun and impene- 
trable shadows—no grays, no shadings. 
The stars will not twinkle but, unblinking, 
will be sharp and bright in an eternity of 
black velvet. It is the air that gives us the 
blue sky and the colors of sunset. It is air 
that makes it possible to walk about with- 
out special shielding against the sun’s in- 
tensity. In space special glass and lenses 
will be necessary if man is to survive. 


Weightlessness 


Let children jump and feel weightless- 
ness at the top of the jump. Children who 
have been in a quickly descending eleva- 
tor can describe momentary experiences of 
near weightlessness. Anyone who has been 
in a small plane during a nose-over will 
never forget how unattached objects mo- 
mentarily floated in air. 

“ne feeling of weightlessness can be 
eee to our posture sense—our 
bic of balance. However, there is much 
Se Sem that most people with training 
earn not only to deal with weightless- 
is actually also to enjoy being freed 
e the tyranny of gravity. During long 
Nri uin unused muscles, those used on 
Peres to hold us up against the pull of 
Y, may become weak and flabby. 
tonc ER the voyagers may have 
à a frequently so as not to become 
the eak they cannot stand or walk once 

Y return to earth. Even a few weeks in 

*d can make it hard to walk about. 


"E 
™pty” space? 


ae a fish in the ocean considered such 

ake” he would probably regard the air 

ia his world as “empty.” Space is not 
Pty; it is airless. 

bs Pace is flooded with intense radiation 
X-rays, radio, infrared, visible, ultra- 


violet, cosmic. Recent evidence indicates 
that there is also a very tenuous presence 
of free hydrogen. Affecting all this in var- 
ious ways are the forces of the planets and 
stars. Gravitational and magnetic attrac- 
tions fluctuate in intensity from place to 
place. At times the sun eruptively flares 
up, throwing out streams of hydrogen and 
helium nuclei and other elements. There 
is evidence that bands of electrical cur- 
rent, great streams of moving electrons, 
encircle the earth. In short, space may be 
described as filled with energy. 

Space is not empty. Airles, unpopu- 
lated, hot and cold at the same time—it 
attracts man by its very challenge. 


Space and tomorrow 


Undoubtedly what has been done so 
far is only a beginning. So far no impen- 
etrable barrier has been found which 
would forever bar man from space. Even 
though radiation is intense and there are 
giant steps yet to be made before an effi- 
cient, economic motor for space is per- 
fected, the host of problems is within 
man's capacity to solve. 

We have purposefully been very gen- 
eral in our review of getting man into 
space. All science and technology are 
growing rapidly, but the pace of space 
knowledge is breath-taking. Today all at- 
tempts to reach and probe beyond the 
atmosphere use the rapid-thrust rocket. 
Speed is acquired in the first few minutes 
of flight, and the rest of the rocket's trip 
is coasted along by momentum. To es- 
cape the earth's attraction, a rapid-thrust 
rocket or group of rockets arranged piggy- 
back must acquire a speed of 25,000 mph 
in those first few minutes. Yet it may be 
that the final answer will lie with space 
ships whose take-off is relatively slow but 
which maintain a slow but steady accel- 
eration. A space ship can get to the moon 
or Mars or Venus by going 25,000 mph. 
But one can also make the trip by the ap- 
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plication of low but continued thrust. We 
have avoided describing particular rockets, 
particular technological methods. Since 
these change rapidiy, we could not hope 
to stay up to date. Many of the current 


CAPSULE LESSONS 


26-1 Have the children make two lists: one 
which contains ways in which gravity may help 
man, and the other which contains ways in 
which gravity may hinder man. Lead into the 
study of gravity and its effects. 

26-2 Weigh common objects in the class- 
room, using a laundry spring balance. Tie the 
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Flight 


See Chapter 9 for experiments showing 
that air is a form of matter having weight 
and able to exert pressure even though it 
cannot be seen. 


BIRD FLIGHT 


For centuries men watched and envied 
and sought to imitate the free flight of 
birds, Flying has been compared to swim- 
ming. Children who swim may be able to 
describe the freedom of three-dimensional 
Movement in water versus two-dimen- 
sional locomotion on land. It may help to 
think of air as a lighter fluid than water. 

courage children to be “air watchers”: 
ie the flight ofair-borne seeds, insects, 
thr s and planes. A bulletin board and a 
duis none table exhibit might in- 
t ic examples and/or pictures of some of 
Boer, Even our largest cities provide op- 
erg to observe such birds as com- 
child rock doves or pigeons. Encourage 
as a i to watch how birds use the wing 
ow ever to raise the whole body. The 
i a lets through as little air as pos- 
tee upbeat lets through as much as 
Win €. Let the children study a bird 
is = €ven a chicken wing, to see how this 
had Let children push their fingers 
Saa the wing feathers from the top 
Well ue d then from below up to see how 
ino» ne cover is adapted for “swim- 
fath in the air. Look at a long wing 
*r (primary) and note how the lead- 


ing or front edge is soft and wide. On the 
upstroke, air slips easily through this flex- 
ible part of the feather. On the down- 
stroke, the surface resists the air. Help 
children see the relation between anatomy 
and function in bird bones, i.e., the keel or 
breastbone permits attachment space and 
leverage for the big wing muscles (the 
white meat). Let children discover by ob- 
servation how bird wings, like plane 
wings, are tilted slightly at the point of at- 
tachment to the body (fuselage). 

Changing the line of flight is accom- 
plished by movements of feathers in tail 
and wing tip. Encourage children to ob- 
serve how pigeons use tail feathers to 
“brake” their speed when coming in for 
a landing. 

Children who live near the ocean or 
desert or any height of land can observe 
how gulls, buzzards, hawks, and ravens 
soar with motionless wings on thermals 
(updrafts of warmer air). 

Watch for bird flight where warmed air 
rises against the face of a cliff or along a 
mountain range. Glider pilots meet at 
places where the geography offers such 
thermals in combination with good take- 
oT and landing topography. 

Children who own roller skates or ice 
skates may have already tried a kind of 
flying by paddling themselves forward 
with a piece of cardboard in each hand. 
On a windy day, they may have used a 
larger single cardboard as a sail. 
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Fig. 27-1 


A miniature bow kite. 


Children will be amused and enter- 
tained by the hero’s plaintive “Birds can 
fly, an’ why can’t I?” in J. T. Trow- 
bridge’s famous story poem, Darius Green 
and His Flying Machine. 


KITES 


Kites were man’s first flying machines. 
From these, gliders evolved and were ul- 
timately developed into engine-powered 
aircraft. But before the Wright brothers 
could invent their first plane (1903), they 
had to learn to use gliders. And before 
that, like most boys, they learned to fly 
kites. 

Most children know that you have to 
run with a kite to get it up in the air unless 
a wind is blowing against the kite. They 
also know that a kite will not stay up un- 
less there is wind—the stronger, the bet- 
ter. Let the children show you where to 
tie a kite string or “bridle” so that the 


wind can push up on the kite surface 
(plane surface). 


Miniature bow kite 


Two 6” heavy broom straws that are 
to serve as spine and bow of the frame- 
work should be notched slightly at the 
ends (Fig. 27-1). Soak one of the sticks in 
water for a few minutes so that it will bend 
easily. Notch the sides of it near each end 
and bend it into a bow. 

Lay the bow across the spine 2” from 
the top. Be sure the two sides of the bow 
are equal. Bind the sticks together with 
coarse thread. Make a number of turns 
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with the thread, first through one diag- 
onal of angles and then the other. f 

Beginning at the top of the spine stick, 
using nylon or silk thread, string the kite 
by connecting all the points—from upper 
tip of spine to tip of bow to lower tip of 
spine and from there to the other bow tip 
and back to the upper tip of the spine. 
From tip to tip of the bow, run a crossing 
string, and then tighten the string to 
hold the bow. Wind string around the 
ends of the sticks to hold the framework 
string in place and to reinforce the ends 
of the sticks. Brush glue on the string at 
the ends of the sticks and at the point 
where the spine and bow meet. . 

Lay the framework on tissue or thin 
paper and cut around it, allowing an extra 
inch of paper all the way around. Fold 
this extra inch of paper over the string and 
glue it. Allow time for drying. 

Make a very small hole in the paper at 
the crossing point of the bow and spine. 
Run thread through the hole and tie it se- 
curely to the crossing string. The bridle 
string should be the distance from the 
crossing to the end of the bow plus the dis- 
tance from the end of the bow to the bot- 
tom of the spine. Tie the kite line to the 
bridle at a distance from the top of the 
spine that is equal to the distance from 
the crossing to the end of the bow. 


Miniature box kite 


With ruler and pencil, draw the lines 
as shown in Fig. 27-2A on a piece of 6 
X 84” typing paper. Cut out the dark 
areas and fold on the dotted lines. Fasten 
the sides of the box together with mend- 
ing tape, rubber cement, or glue, using 
the 4” overlap as an anchoring strip. 

The length of the bridle equals tw? 
thirds of the length plus the width of on? 
side—6" —attached as shown in the fig- 
ure. Tie the line to the bridle at the pon. 
which equals the distance of the width © 
the box. 


Miniature triangular kite 


_ A triangular kite is made like the four- 
sided box kite (Fig. 27-2B). Children can 
learn much about the motion of kites by 
flying miniatures in front of a fan or out- 
doors. 


Full-size kites 


To make a big kite, follow the same pat- 
tern as for the miniature kite. Increase 
the dimensions proportionately and use 
strong material; bamboo slits are good. 
For the box kite first make a form of the 
slits in the shape of the miniature and 
then cover with paper. Full-size kites are 


r : . x " . 
egular and inexpensive items in variety 
Stores, 


Air resistance 


Let children run with stiff cardboard, 
first folded, then open. The folded card- 
board, of course, offers more resistance, 
and thereby makes motion more diffi- 
ein Be sure cardboard is not too large to 

€ep children from running safely. Even 
Wang children can begin to understand 
à Principle of air resistance in kites by 
nning with a strip of stiff paper at the 
end of a string. Let children experiment 
te different lengths of string and sizes, 
i apes, and weights, of paper. Compare 
sults from walking and running. 
tat secret of any “plane” surface rid- 
dee the air is air resistance. Young chil- 
Sh n can understand this by extending a 
Pipes of notebook paper and pirouetting 

Place. Note the “kite” effect when you 
ea a horizontal piece of notebook paper 
het the air. Here you are seeing dy- 
Pone "lift" at work. Hold the paper 
> i tly curved so that it doesn’t droop; 
ied n quickly shove it forward. The leading 

8e lifts, 

"s pull a strip of paper toward you 
will y, the drooping end of the paper 
come up against the pull of gravity. 

€ reason is the same as for the previous 


tab for gluing 


(b) 
(a) A miniature box kite. Compare with 
the design of the first planes. (b) A miniature trian- 
gular box kite. 


Fig. 27-2 


experiment. Air molecules are squeezed 
and crowded so thickly under the leading 
edge of the paper that they push up 
against the pull of gravity and the pres- 
sure of air above. 

Like planes, kites are heavier than air 
and can therefore remain aloft for the 
same reason—air movement on their sur- 
faces. The kite string and bridle, like the 
"sheet" and mast of a sailboat, can be 
adjusted to make an angle of deflection 
which moves the kite or sailboat. In other 
words, when a kite is held so that the top 
part leans into the wind, the air molecules 
crowded up under the kite will again cre- 
ate a difference in air pressure. As long as 
there is greater pressure on the lower side 
(front of kite), the kite will rise in the v.ind. 
On a windless day, children may try flying 
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tilted card 


Fig. 27-3 The effect of air pressure on balance. 


Step !: fold an 8%'X11"sheet of paper 
in half lengthwise 


Step 5: attach one or more paper clips 
for stable flight 


Fig. 27-4 Making a paper dart glider. Try cutting 
and bending the rear flaps up, down, or in oppo- 


site directions, and observe the effect on flight be- 
havior. 
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a kite by running with it or towing it be- 
hind a bicycle. 

Air moving past the kite provides two 
forces—one pushing up, lifting the kite, 
and one pushing back, pulling on the kite 
string. In a strong wind, kites may even 
carry weather instruments. The fore part 
of the Wrights’ plane was really a huge 
box kite. When the Niagara Falls suspen- 
sion bridge was begun, the first line was 
carried across the gorge by a kite. Tail- 
less kites, like a box kite, are able to fly 
in a upright position because two sides 
are bowed back from a center spine stick 
to form a dihedral angle. Let children 
observe how the wings of modern planes 
also form a dihedral angle to the fuselage- 
Air moving against the two planes of the 
kite keeps it in position. If wind comes 
from one side, the kite’s motion is self-cor- 
recting. 

Air movement against a tilted plane 
surface provides lift. Fasten a card to a 
ruler. Then with card slightly tilted swing 
the ruler at arm's length. Watch how air 
resistance sustains and pushes the tilted 
card upward. 

Repeat, hanging a tilted cardboard au 
one end of a yardstick or doweling (Fig: 
27-3). When the stick is balanced, make 
the air move against the card by blowing 
or fanning. Immediately the card rises, 
and the balance is destroyed. 


GLIDERS—PLANES WITHOUT ENGINES 


Many children know how to fold 2 
dart from a piece of notebook ar enl 
(Fig. 27-4). Slip a paper clip over the fol 


; f 
near the center. This changes the center 9 


gravity in such a way that the dart will 
provide long, graceful glides. 

While the basic principles of aerody. 
namics explain why a dart flies, the dar 
does not look like the conventional type ? 
airplane that a child is most likely t° 
know. 


You may want to buy for a few cents 
one or two balsa wood gliders. After show- 
ing the children how to hold and care for 
the glider, have them make their own out 
of tagboard or, better, manila folders (Fig. 
27-5). The positioning of the paper clip 
weights has a great effect on how well the 
glider glides. The method of throwing the 
glider is also very important. 

The object of the weights is to shift the 
glider’s center of gravity so that it is ap- 
proximately on the center line of the wing 
(Fig 27-5). If you balance the glider by 
setting the wings on the tips of your fore- 
finger and thumb, you can readily esti- 
mate the center of gravity. Another 
method is to lay the glider on a ruler and 
nudge it back and forth until the point is 
reached where it just begins to fall off. 
Add paper clips until the center shifts 
under the wing's center line. This does not 
have to be exact. 

After some use you may find it neces- 
Sary to reinforce the wings. The glider 
Whose shape and dimensions are given in 
Fig. 27-6 is considerably larger than the 


tagboard or other stiff paper 
g ES 


glue or staple rudder 


into one e 
IN cut 


f 


tagboard or other 


stiff paper m m 


paper clips 
as counter- 
weight 


» m i 
approximate center of balance 


Fig. 27-5 Pattern for a small model glider. 


glider described in Fig. 27-5. You may 
find this size handy as a demonstration 
model. In general, the bigger the glider, 
the longer its glide and the slower its 
shifts in direction. 

For the older children a carefully made 
large glider can be modified to show some 


paper clips 
as counterweight 


3%" 


L ig" 


J 


Fig. 27-6 


Pattern for a large model glider. 
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„gether but not touching. Blowing between 
them forces them together. 

Blow between two sheets of paper. The 
sheets move together as long as you con- 
tinue blowing. Repeat, suspending the 
sheets 1-2" apart between pages of a 
book. Again the sheets draw together. 

If a vacuum cleaner hose is attached 
to the blower end, a ping-pong ball will 
remain suspended in a straight, upwardly 
directed air stream. Try to blow a ping- 
pong ball out of a thistle tube or glass 
funnel. If you hold your hand over the 
funnel and invert it, you may remove your 
hand; the ball will not fall out as long as 
you blow through the stem. You should be 
able to pick up the ball from a table by 
blowing through the stem of the funnel. 

Hold two spoons, bowls back to back, 
under a running faucet. Hold the handle 
of one spoon between the second and 
third fingers, and the other between the 
fourth and fifth fingers of the same hand. 
As water attains the proper force, the 
spoons will move together. Repeat, sus- 
pending spoons back to back and blow- 
ing between them through a straw until 
they touch with a click. 

Bernoulli and ball curves. Throw a 
ping-pong or tennis ball out of a mailing 
tube to induce a spin. Watch it curve. 
The principle is the same as that put to 
work by a pitcher when he puts a spin on 
a baseball. The friction of the air against 
the cover of the ball increases the effective 
air velocity around one side of the ball and 
decreases it on the other. Because the pres- 
sure is reduced on the side where the ve- 
locity is less, the ball curves toward the 
side of greater effective air flow. 


Airfoils 


Make a crude airfoil by doubling 
under a piece of thin copy paper or onion 
skin. Do not crease the paper at the fold. 
Hold with one hand on each side of the 
fold or paste the edges together. If you 
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blow against the underside of the paper, 
it will rise. However, if you blow under 
it, the paper will dip down. If you hold 
the fold against your lower lip and blow 
over the top, an observer will see the 
curved sheet rise in apparent defiance of 
the law of gravity. 

Make a loop from a 10" x 1" strip of 
paper. Put a crease in the loop so that it 
resembles a plane wing in cross section 
with flat undersurface and curved top. 
Slip the loop, curved surface outward, 
over a pencil and hold just under your 
lips. Blowing downward on the more 
curved surface should bring the whole up 
to a nearly horizontal position. : 

Let children examine a chicken or pi- 
geon wing. They will see that it is neither 
flat nor straight, but curved. The front or 
leading edge is much thicker, especially 
when the wing is spread, than the trail- 
ing edge. Plane wings like those of birds 
are not flat on the bottom; they are 
slightly curved, with the top usually hav- 
ing a greater curvature. Even a quarter 
of an inch change in the curvature can 
make a significant difference in the way 
the plane flies. 

An airplane wing with an airfoil such 
as that shown in Fig, 27-10 has an ane 
age pressure of 10 pounds per square foot 
less on top than below. 

A commercial transport (propeller 
plane) may have 18,000 square feet O 
upper wing surface. At cruising speed such 
a plane may have a lift of 41,400 pounds, 
able to lift itself and its crew and carg? 
with a total weight of 20 tons. 

Draw on the board a cross section ofan 
airfoil. Let children measure with string 
across the top and bottom and compare 
the two distances. The partial vacuum 
created by the lower pressure on top pner 
duces an upward thrust or “lift” on the 
underside. Ask children if they tink 
vacuum can “lift” anything. Some W! 
say yes, some no. Let them decide fo" 


Fig. 27-10 Air flow over 
an airplane wing. (From R. 
W. Burnett, Teaching Sci- 
ence in the Elementary 


pressure less 


path of air above wing ——4. 
distance and speed greater 


rea 


School, Holt, Rinehart and 
Winston, 1953.) 


pressure greater 


themselves by using a “plumber’s friend” 
and tools or toys depending upon partial 
vacuum to be effective. 
_ The knowledge we use today in design- 
ing the shape of airplane wings comes 
from years of continuous study of air flow 
in wind tunnels. However, we owe much 
of our knowledge to early students of 
gliders, For example, they found that air 
Streaming over a flat wing swirled in eddies 
and reduced the lift. Gliders made with 
Curved wings allowed air to flow smoothly 
d top, but eddies swirled under- 
jen ee wing curved on top and much 
ks ae ved below allowed a smooth flow 
on d over both surfaces. Modern wings 
Me on both surfaces for high-speed 
win : Only a very light plane has a flat 
§ on bottom. 
Tesis of low pressure. Set a lighted 
e ic. a 3" x 5" card. Have one 
e; low hard toward the card. Chil- 
Swede the flame will see it bend 
bs the card. Air movement created 
Pressure behind the card. 
M a bottle in front of the candle. 
Watch a against the candle and again 
: € flame. 
diar: a Square or oblong window ina 
-size tin can. Set a candle inside so 
one flame is close to the window. Blow 
the eee the side of the can opposite 
ited W and note how the flame 1s 
out of the tin can window. 
aking and using a wind tunnel. The 
ime: ie the study of how air 
ais: E airfoils isa steady moving stream 
odific n electric fan is not good without 
ation because its stream of air isa 


lrst 


path of air under wing —* 
distance and speed less 


whirling one. This may be shown by pass- 
ing smoke from a smoldering dampened 
newspaper through a running fan; the 
smoke will be seen to whirl. 

A simple demonstration wind tunnel 
has four basic parts: a fan; a honeycomb 
to make the stream of air move in a 
straight line; a means for mounting the 
model planes, airfoils, and other objects 
into the air stream; and a source of fog or 
smoke which will make the moving air 
visible. 

To straighten out the stream of air, 
some sort of honeycomb arrangement 
should be placed in front of and close to 
the electric fan (Fig. 27-11). This will pro- 
vide a fairly straight stream of air as can 
be shown by using smoldering newspaper. 
Possible sources of a honeycomb include 
the criss-crossed partitions inside an egg 
carton. Boxes used to ship bottled prod- 
ucts often have honeycomb partitioning. 
Or you can make your own honeycomb 
from strips of cardboard slotted at regu- 
lar intervals to fit into and across each 
other to form a pattern of squares. 

Mounting objects in the air stream can 


cardboard 
honeycomb 


piece of 
¥ coat hanger 


plywood 


A model wind tunnel. 


Fig. 27-11 
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turpentine-soaked cotton 


doweling (¥%') 


Fig. 27-12 Using a wind tunnel. 


be done several ways. For instance, take 
coat hanger wire and bend in the shape 
of an upside down L (see Fig. 27-11). One 
end can be bent so that it can be nailed to 
a base, or it can be stuck in a cork which 
is glued or nailed to the base or inserted 
in a bottle containing counterweighting 
water or sand. A wood doweling sticking 
up from a lump of modeling clay will also 
serve (Fig. 27-12). The model can be 
wired, tied, or glued to the mounting sup- 
port. 

Mount a complete model on a hanger or 
doweling. By bending the ailerons, eleva- 
tors, and rudder in various positions and 
then passing smoke over the surfaces, you 
can show how these parts affect the flow of 
air. A more graphic demonstration can be 
made by hanging the model (Fig. 27-13). 
Suspend the model from its point of bal- 
ance (should be approximately the cen- 
ter of the wing). Below attach the thread 
to a lightly stretched rubber band. The 
plane will take certain attitudes in re- 
sponse to different aileron, elevator, and 
rudder positions. 

The source of smoke and fog can be 
varied. One fog generator can be made by 
putting dry ice and hot water in a bottle 
which has a one-hole stopper and glass 
tube. (Do not stopper the bottle tightly.) 
The dry ice can be put in a pan with the 
hot water and set between the object and 
the honeycomb. In Fig. 27-12, wires 
mounted in corks in bottles have tufts of 

cotton on their ends. These tufts are mois- 
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tened with turpentine and ignited as a 
smoke source. One can also hold smolder- 
ing punk or damp tubes or rolled paper 
in the air stream. 

The wind tunnel is more effective in- 
side an empty aquarium or box. Cut out 
one side of a box and cover the space with 
cellophane or glass taped in place. You 
should leave an end or the top open for 
the air to escape and enter. 

When setting up your wind tunnel, 
experiment with various positions of the 
Parts, intensities of fan, positions of mod- 
els, and so forth. Ask a pupil to make an 
airplane wing out of balsa wood; the 
wing should be curved on top and flat 
on the bottom. Mount or hang it in the air 
stream. Mount and hang objects of other 
shapes—a ball, a cube, a flat wing, a toy 
glider (Fig. 27-5). 


Four forces—gravity, lift, thrust, drag 


Whether it be bird, propeller-driven 
plane, jet plane, or rocket, four forces act 
on a body traveling through air. , 

Gravity pulls down on everything. Lift 
pushes up against the force of gravity- 
Thrust, such as given by a bird’s wing beats 
a turn of a propeller, the exhaust from 2 
rocket or jet engine, pushes forward. Drag, 


thread~ | coat hanger wire 


rubber band 


se 
Fig. 27-13 A hanging airplane model for " 
with a wind tunnel. 


pin at balance 


rudder action 


use of elevators 


stream 


—— 


aileron action 


Fig. 27-14 Models for showing the action of the control surfaces of an airplane. 


Caused by air resistance and air friction, is 
the force which tries to hold things back. 
At constant flying speed, drag is bal- 
anced by thrust. At take-off, thrust must 
be greater than drag. The Wrights finally 
Succeeded in powered sustained flight by 
adding to their glider a small engine 
which would keep pulling the whole for- 
ward with a force that exceeded the drag. 
A collection or exhibit of airplane mod- 
els should illustrate the decrease in wing 
Spread as power has increased in the 
Same planes. Reduction of surface re- 
Lm resistance to air and, therefore, drag. 
oubling the speed quadruples the lift. 
ut double speed requires eight times the 
power —hence the enormous fuel con- 
Umption of newer, faster planes. In the 
wae the wings push back against the air, 
on Ing like a lever in much the same 
anner as one uses a paddle in water. 
hile the bird wing pushes back, it also 
Pushes down, 


Controlling a plane 


ee we have said, men for centuries 
€ to find out how birds flew. The 
"i P on brothers were successful because 
es eir epochal invention of a mecha- 
ó m which, by one lever motion, could 
Perate the vertical rudders and flex the 
ELM elevators. Both changes had 
ep simultancous. The addition of a 
them gas engine to their glider enabled 
to fly. 
Children will already have learned 


much about plane controls by making and 
studying paper darts or gliders. Let them 
label these with standard part names. An 
airplane turns when the ailerons are 
moved. The rudder prevents slipping side- 
ways in the turn. It is a common miscon- 
ception that a rudder steers an airplane, as 
the rudder steers a boat. 

To find out how a plane climbs or dives, 
make a tagboard model of the fuselage 
and elevators. Cut two outlines from pat- 
tern. Glue these together, except for sta- 
bilizer tail pieces which are folded down 
(Fig. 27-14). Pin through the balance point 
of the model into a cork. Place the cork 
in a bottle and set in your wind tunnel or 
blow air over the surfaces with a straw. 
Observe action with elevators up, eleva- 
tors down. Children may already have 
learned about stabilizers from the glider 
models described earlier in this chapter. 
Rudder action can be shown in a similar 
manner. 

To find out how a plane banks, cut out 
a tagboard model (Fig. 27-14). Hold in an 
air stream by attaching a thread to the 
nose. Action of the ailerons controls bank- 
ing left or right. The ailerons always move 
in opposite directions. With the right ai- 
leron down, the left aileron is up and the 
plane banks to the left, as a result of push- 
ing the control stick to the left. If the con- 
trol stick is pushed to the right, the right 
aileron is up, and the left is down, the 
plane now banks to the right. In both cases, 
the side with the aileron down has the 
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= 


6' (approx.) 


(approx.) 


(b) 


Fig. 27-15 (a) Pattern for a hot-air balloon; (b) 
filling a hot-air balloon. 
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greater lift, thus tilting that wing of the 
airplane. 


LIGHTER-THAN-AIR CRAFT 


Man's first trip in the air was made not 
in a plane but in a balloon. Two French- 
men, the Montgolfier brothers, deserve the 
main credit for this adventure. The sons of 
a papermaker, for years they experimented 
in making balloons which would rise when 
paper was burned inside. The principle 
involved is that warmed air rises because 
the molecules of air expand with heat. The 
Montgolfiers built and released a balloon 
which carried a sheep and two barnyard 
fowl 1500’ aloft. The balloon floated 2 
miles and came down with the passengers 
unharmed. 

Balloons used today, such as a navy 
dirigible, rise because they are filled with 
a gas lighter (less dense) than air. The first 
balloons contained hydrogen, which is a 
very explosive gas when removed from its 
quiet partnership with other elements, aS 
in such compounds as water (Chapter 12). 
The great number of accidents with hy- 
drogen balloons led to the use of helium, 
an inert gas, which is also lighter tha? 
air though less so than hydrogen. 

Just as the buoyancy or lifting power 
of water holds up ships in the ocean, the 
buoyancy of air holds up planes and bal- 
loons in the ocean of air. A hundred cubic 
feet of helium weighs 2.2 pounds, whereas 
the same amount of air weighs 8 pounds. 
Therefore, helium can lift 5.8 pounds per 
100 cubic feet. A balloon with a 100,000 
cubic foot load of helium can therefore 
lift 1000 x 5.8 or 5800 pounds. 

Some of the children’s parents or grand- 
parents may have seen hot-air ballooP 
ascensions at county fairs. The mouth of 
the bag was placed over a hole in the 
ground. As kerosene burned at the botto™ 
of the hole, hot gases would rise and fill the 


bag of the balloon which stood two to 
three stories high. 

Children may enjoy having their own 
Miniature balloon ascension. Cut a cen- 
tral circular piece and six tapered sec- 
tions of tissue (Fig. 27-15A). Paste edges 
of the gores together and lap ends over 
onto the middle circle. Different colors of 
tissue can be used, and the size of the 
pieces can be increased as desired. Rein- 
force and weight down the mouth of the 
balloon with 1" masking tape. Fill with 
hot air rising from a heater’ or electric 
Plate (Fig. 27-15B). Collect through a 
Stove or cylinder made by cutting the top 
s bottom off a tin can. Tie 12-15' of 
E cotton string to the mouth of the 
NES aiias When the balloon is saturated 
kn hot air, children will feel tension 
b ean then pay out the line to let the 

allon rise gradually. 


Model dirigible 


"os; 3/16" reeds or canes together at 
E. tail to make ribs for a typical 
es Seri streamlined dirigible shape. 

als alsa wood strips to form hoops and 

ay i them to the reeds with light cord 

DP Since dirigibles are classed as 

Duc. oe craft, always use the 
"n 5t materials possible. 

Pre gores (about six) from tissue paper 

Small o." to ribs. Insert empty balloons, 

tld se iw in nose and tail, larger ones in 

With m These will have to be filled 

umin 8 ter-than-air gas. Natural or il- 

ever uh gas will lift a balloon. How- 

p uo. uM that these gases are ex- 
BA Helium is sometimes available 

QUE commercial firms. If you have 

Mee your weight" throughout con- 

the er and if balloons are fully inflated, 

finer el dirigible should rise. To keep 
Odel on an even keel, secure front 


and ee Hi 
t rear with light mooring cords made 
m thread. 


It may be useful to repeat experiments 
that will reinforce the children’s concept 
of why heated air rises; i.e., it becomes 
lighter, has fewer rholecules per cubic 


foot, etc. (See Chapter 9.) 


PARACHUTES 


We have seen how, in the case of kites, 
even a puff of wind can support weight. 

To reinforce the idea, let children stand 
on a chair and drop a flat piece of paper. 
It flutters slowly to the floor. Repeat, 
wadding paper in a ball. Ask children 
which piece fell more quickly and why. 
Repeat, letting children drop a flat sheet 
and a crumpled sheet simultaneously. 

Let children make a model parachute 
with a handkerchief. A large silk one with 
its four corners tied to a thermos cork as 
ballast works well. Fold carefully so that 
the strings do not tangle, throw as high as 
possible, and watch its descent. Let chil- 
dren jump offa chair, with and without 
the aid of an open umbrella. 

Encourage children to find seeds which 
travel by parachutes. For example, a seed 
of dandelion, milkweed, or sycamore is 
provided with radial fuzz which can carry 
it far afield and thus spread the plant. 

Just as a rubber life belt holds up a man 
in water, a parachute utilizes the buoy- 
ancy and resistance of air to save man’s 
life in the air. A man falling unimpeded 
would increase his speed 32’ every sec- 
ond. If he were to fall one fourth of a 
mile, he would be falling 3 miles a 
minute. 

An old story has it that the first time a 
parachute was used for practical purposes 
was not to save a man froma falling plane, 
but to help a man escape from prison. 
Imprisoned in Budapest during the French 
Revolution, he used a bed sheet and 
“floated” to the ground and freedom. 

A. J. Garnerin, an early investigater in 
the nature of air travel, made a parachute 
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twisted rubber band 
i or buttons 


large pin head, hat pin or wire bent into ball 


Fig. 27-16 A working-model propeller. 


which had a diameter of 24’ and whose 
shape was convex when open. The pas- 
senger rode in a wicker basket fastened 
to the parachute by cords. 

For his exhibition leap (1797), the in- 
ventor was carried aloft in a balloon. 
When he started his drop, the parachute 
opened, but the basket began to swing 
violently from side to side. The air 
trapped in the dome of the chute could 
not get out and acted like a Pivot on 
which the chute could swing like a pen- 
dulum. The hole in the top which Gar- 
nerin made in subsequent parachutes is 
still used today. 


PROPELLERS—PINWHEELS 
AND HELICOPTERS 


The plane’s propeller is really an air- 
screw biting its way through the air. A 
propeller may also be regarded as a wind- 
mill threshing the air. Let children exam- 
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ine model plane propellers and various 
kinds of common screws. 

Let children look for seeds with “propel- 
ler blades,” i.e., maple, ash, elm, linden, 
etc. Let children stand on a chair and 
watch the helicopter blade action as they 
drop such dry seeds. 

Some children may enjoy using a box, 
rubber band, and paper to make a model 
propeller (Fig. 27-16). Make a paper out- 
line of the pattern shown and trace on 
cardboard. Roll the cardboard around a 
pencil until the three holes come together. 
Push wire through the center to form 4 
shaft. Before mounting on a box, place 
some buttons or washers over the shatt. 
Several rubber bands twisted together 
will serve as the “motor.” i 

A pinwheel can be a very rewarding 
construction. Use ordinary paper cut in 4 
Square, making cuts and folds as show? 
in Fig. 27-17. Lengths of wire with short 
pieces of soda straw as bearings can be 
used to mount pinwheels. They rotate 


Fig. 27-17 Making a pinwheel. 


quite fast even when moved through the 
air while one is walking. 

The propeller’s job is not to blow a 
Stream of air over the wings but to push 
air back so that the airplane is pushed 
forward, like a rowboat moving away in 
an opposite direction when an oar is 
Pulled through water. Jets send their ex- 
haust gases backward so that the reaction 
forces the airplane forward. Study the 
Propeller action, using a fan mounted on 
roller skates, on a wheeled cart, or on a 
wood block, box, or desk "drawer on 
rollers (see pp. 427-29). Note action if the 
fan has different speed settings. Encour- 
age children to decide by observation 
whether bird wings in flight are flat or 
curved, and whether propeller blades on 
Models or real planes are flat or curved. 

Study the principle of helicopter flight 

Y making paper and/or wood models. 
‘hrow a card model (Fig. 27-18) into the 
Fs and observe the spin. The upward 
rust caused by the spin will not lift the 
telicopter but will reduce the rate of fall in 
nding. The soft wood model, when the 
eie is spun quickly between the hands, 
ler T into the air. The rotating propel- 
h lades force the model up by pushing 
€ air down. 
cui icopters really have moving wings. 
Poss a with toy helicopters or models 
Win, Show the class how the usual airplane 
€. and propeller are replaced by a large 
à oic. rotor. The change in pitch of 
ilit rotor blades approximates the flexi- 
win y and multidirectional motions of bird 
eer in flight. The helicopter rises be- 
, Se the rotor blades push down against 
oa ats A rotor wing also develops lift be- 

Use it is an airfoil. 
sig eae model to show the principle of 
ae is made with the aid of two 
strin $, a model propeller blade, doweling, 
ishi 8 and a wood block. Note the two fin- 
19) E. nails on top of the spool (Fig. 27- 

- These fit into holes in the propeller 
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Fig. 27-18 Filing card and soft wood model heli- 
copters. The card model spins in the air like a 
maple or basswood wing (seed). (From General 
Science Handbook, Part Il, New York State Educa- 
tion Department, 1952.) 


and keep it from slipping when the 
string wound around the spool is pulled 
quickly. The blade should spin rapidly 
and rise several feet. Similar toys are 
sometimes found at a variety shore or 
hobby shop. 

The helicopter develops thrust by tilt- 
ing the blades of the main rotor. A small 
rotor in the rear helps steer the helicop- 
ter. It also counteracts the twisting motion 
produced by the main rotor. The rotating 
main blades act like wings to produce lift. 


Fig. 27-19 A model helicopter using wood pro- 
peller. (From G. Blough and M. Campbell, Making 
and Using Classroom Science Materials in the Ele- 
mentary School, Holt, Rinehart and Wirston, 


1954.) 
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CAPSULE LESSONS 


27-1 Encourage children to do research on 
hurricanes and tornadoes and their effects on 
buildings. Often the roof is blown off and the 
shell left standing because the flow of air over 
the roof creates lift, as on an airplane wing, due 
to the differential in air pressure inside the house 
and on the roof at the time of the blow. 

27-2 If possible, secure or construct a flan- 
nel board. Let children cut out a model airfoil, 
and then arrows to denote air pressure above 
and below. Lift results from removal or reduc- 
tion of pressure faster on the top surface than on 
the underwing. Let children demonstrate this 
principle. 

27-3 Let children use lengths of yarn to 
compare polar or “great circle” flight distance 
with that of a transatlantic route to Europe. 

27-4 Some challenging arithmetic can re- 
sult from letting children use commercial air- 
line route maps to figure time and distance 
covered and check points along various routes, 
For instance, knowing the flight time and dis- 
tance for a nonstop flight from Chicago to Los 
Angeles, at approximately what time should 
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the passengers begin to look for Lake Mead and 
Boulder Dam? The distance is approximately 
1750 miles, the flight time approximately 180 
minutes. The air speed is then approximately 
585 mph. Using the scale of miles on the map, 
the children will find that the plane approaches 
Lake Mead about 2% hours out from Chicago. 

27-5 It may be possible to secure aircraft 
panel instruments from the nearest airfield 
repair shop. Let children do research and/or 
construct simple models to explain the basic 
principles involved. . 

27-6 Letchildren do research on pressuriz- 
ing planes for high altitude flying. If possible, 
borrow an oxygen mask from a commercial air- 
line, and let children demonstrate and explain 
its use. Some children may be able to develop à 
table showing the progressive reduction in pres- 
sure from sea level to commercial flight levels. 

27-7 Some children may wish to study the 
CAA weather reporting procedures and rela- 
tionships to flight plans, Radar and its use to 
avoid bad flying weather is another interesting 
subject for children to investigate. 
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Working with science materials 


HANDLING SHEET METAL 


The first step in handling sheet metal is 
to lay out the dimensions required. Do not 
use a pencil for marking. Instead use a 
scribing tool of some type such as a sharp- 
ened ice pick or awl. Sheet metal up to 18 
Sauge can be cut with tinner's snips or 
shears, Duckbill shears are handy for cut- 
Ung circles and curves. For thicker pieces 
Me a coping saw. Ordinary coping saw 
inci made for cutting wood will also cut 

€et metal. The teeth of the blades should 
re toward the handle. Work vertically 
in. the handle down. Thicker pieces of 
eti should be cut with a hacksaw. Al- 
eam when working with sheet metal be 
tic e to clamp it down tightly. This is par- 

ularly important when drilling. 


Drilling 


drp et metal is drilled with the same 
iow ane as those used for heavier 
the: p. Always place a piece of wood under 
cites to be drilled. A hand drill or 
bui i hand drill is suitable. For steel 
ín igh-speed bits. For other metals or- 
ary carbon steel drill points will do. 
AM drilling a hole, mark the point by 
ip IHE a center punch with a hammer 
Make a small impression in the metal. 
with 8ves the drill point a place to start 
fis Sut skidding away and possibly caus- 
a 2 accident. For drilling into rods, use 
m Se. To prevent a vise from damaging 
“tal or plastic, cover its jaws with sheet 


copper. After drilling a hole or cutting, 
always file the burrs off the metal to pre- 
vent cuts. 


Fastening 

The simplest way of fastening sheet 
metal together is to use sheet metal or 
Parker screws. Drill a hole in both 
pieces that is the diameter of the screw in 
its grooves. Then simply tighten the screws 
with a screwdriver. No nuts are required. 
If desired, screws and nuts can be used. 
The best to use are brass 6/32 and 8/32 
thread. Round head will be the most use- 
ful type if the budget is low. 

Drilled holes in heavier pieces of metal 
and plastic can be tapped (threaded) to 
receive screws. A tap wrench is required, 
as are an 8/32 and a 6/32 tap. All of these 
are quite inexpensive. Also ask the dealer 
in the hardware store to sell you the cor- 
correct high-speed drill points for prepar- 
ing the hole before tapping or cutting a 
thread. One drill is used to prepare a hole 
for threading. The second is for boring a 
hole through which a screw will pass with- 
out being threaded into place. In tapping, 
start slowly. Make a half turn and turn 
back a half turn. Turn again to where you 
stopped and start another half turn and 
back off. Do not force the tap or it will 
snap. Hold the work being tapped in a 
vise or in a clamp to prevent the work 
from slipping and breaking the tool or 
causing an injury. 
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glass cutter 


wire length 
equal to 
desired 


glass 


suction 
cup 


circle cut 


radial cuts 
toremove 
outside 
circle 


Fig. 28-3 Cutting a glass circle. (PSSC of Educa- 
tional Services, Inc.) 


center as desired. Cut heavy glass by first 
marking a line with the glass cutting tool. 
Then lay a hot coil of wire removed from a 
conc-shaped electric heater replacement 
unit (you can buy one in an electrical shop 
or large hardware store) over the cut line 
as shown in Fig. 28-4. Work on a sheet of 
asbestos to prevent shock or fire. This pro- 
cedure will cut glass almost an inch thick, 
Your local glass dealer can also cut precise 
shapes for you, 


Large circles or large holes in glass of 


Fig. 28-4 Cutting a circle in thick glass by heat- 
ing a scratch in the glass. (From A. Joseph et al., A 
Sourcebook for the Physical Sciences, 


Brace & World, 1961.) 


Harcourt, 
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heavy weight can also be cut if a drill 
press is available. A hollow sheet metal 
tube or tin can as shown in Fig. 28-5 is 
used as the cutter. The glass is firmly 
clamped to the drill press table. Soft wood 
separates the jaws of the clamp from the 
glass and a sheet of wood is placed under 
the glass. If a tin can is used for wide 
diameters, the bottom lip is cut away with 
shears and notches are made in the edge. 
A '4" diameter or large bolt passes 
through the center of the other end of 
the can to hold the can in the drill 
chuck. 

Next a mixture of coarse carborundum 
or emery powder and water is made and 
applied to the glass. The tube or tin can 
is now spinning in the chuck. Slowly 


lower it until it touches the glass. 


Apply very gentle pressure and keep add- 
ing the grinding powder and water mix- 
ture. Continue the process until the circle 
or hole is cut out. A very smooth job re- 
sults. It may take an hour or more to cut 
through a thick sheet of glass. 


Fig. 28-5 Cutting a circle in thick glass i 
drill press. (From A. Joseph et al., A Sourceboo id 
the Physical Sciences, Harcourt, Brace & Wor’ 
1961.) 


Drilling 


In many types of apparatus made of 
glass, it is extremely convenient to have a 
side hole for inserting a glass tube or a 
wire. This means drilling glass. This 
sounds difficult, but it is very easy. Do not 
drill very thin glass. Sheet glass is also 
drilled in the following manner. The first 
Step is to take a sharp triangular file. 
Snap off about 1” of the end. The tang 
OF point should have a handle or cork over 
it for safety. Next mark the point where 
you wish to drill the hole. The tool 
will be the end of the file as shown in Fig. 
28-6. Notice the way it is held in the hand, 
Only one point of the triangular tip being 
used for cutting. Note how pressure is ap- 
plied by the thumb. Once the initial mark 
15: made to locate the point to be drilled, 
dip the file tip in turpentine. Then 
work the file point with a circular mo- 
ton. Continue until the point comes 
through the glass. Keep dipping in tur- 
Pentine. The turpentine cools the glass 
and makes a grinding paste of the glass 
that is removed. If the cutting action stops, 
change to another triangular point at the 
Up. Tf all three points get dull, snap off a 
short length of the file to make a new set 
f points, When the points come through 
the glass, stop drilling. Now take a thin 
Fattail (round) file. Dip the end in turpen- 
s and use it slowly to enlarge the hole to 
8 Size desired. Switch to a large rattail 
co larger holes. If wires are to be 

ed in the hole, seal with hot sealing 
sax or glyptal paint. If tubing is to be in- 

"ted in the hole, slip rubber tubing over 
the glass tube that is to be inserted in the 

ole. Then slip the tube and rubber cov- 
"ring into the drilled hole. 


Cutt , 
tting and bending glass tubing 
i Vhe first step in cutting glass tubing is 
[9] J a i 
z Set a sharp triangular file. Next draw it 
cae 81 b . 
>i ross the glass tubing at right angles in 
le gj 5 H " y pe 
€ single stroke as shown in Fig. 28-7. 


smol! 
triangular ——~ 
tue - 
snop oft 

M end of file 


rotate in 
this monner 


place one 
point agains? 
the gloss 


STEP 4 


dip thin rot-toil 
(round file) in 
turpentine 


file hole 
to size 
gently 


Fig. 28-6 Using a triangular file and turpentine 
to drill glass. (PSSC of Educational Services, Inc.) 


glass 


trangular 
file 


z 
draw single cut 
at right ongles 
to gloss tubing 


p STEP 2 
7 KE, 


away from thumbs 


Fig. 28-7 Cutting glass tubing. (PSSC of Educa- 
tional Services, Inc.) 


HANDLING GLASS 469 


Place scratched 


Scratch tube line on wire 
with wheel Turn on current 
1000-w 


heater unit 


No. 24 or 22 
nichrome 


1S-amp 
fuse 


porcelain= 
base 
sockets (b) 


Then hold the glass tubing at arm’s length 
away from you. The cut should be facing 
the ceiling. Place the thumbs on the oppo- 
site side of the glass tubing underneath the 
cut. The thumbs should be touching each 
other directly underneath the cut. Then 
press up with the thumbs and the glass 
will snap evenly. If the glass will not break 
easily under this slight pressure, draw the 
file across the cut in the glass tubing a sec- 
ond time, using a little more pressure this 
time. Some people wear thin leather 
gloves when doing this, to protect their 
fingers in case the glass should snap at the 
wrong point. For large tubing make a cut 
around the glass. Cover the tubing with 
cloth and then snap. Large tubing must 
be cut with a glass tubing cutter as shown 
in Fig. 28-8. For tubing over 1" in diam- 
eter, use the same technique followed 
for cutting bottles, as explained in the 
next part of this chapter. 


470 WORKING WITH SCIENCE MATERIALS 


(a) 


Allow drop of 
water to fall Result: A clean 
on line break 
" " P " t 
Fig. 28-8 (a) Using electrically heated wire to cv 


glass tubing. (Welch Scientific Co.) (b) Homemade 


glass tubing cutter. (PSSC of Educational Services; 
Inc.) 


Once tubing is cut, the ends must be 
fire-polished. This is done by holding the 
cut end of the tubing in a gas flame or I? 
the center of an electric heating unit. 
When the edge of the tube melts slightly: 
remove and place on a sheet of asbestos tO 
cool. When inserting tubing into a sE 
per, first wet the tubing or use a bit verd 
cline. Then push in the tube while hold- 
ing the tubing next to the stopper. in 
push from the center or the opposite irs 
as this can fracture the tube and force! 
into the palm, causing serious injury. 

To bend tubing, hold it over a wing d 
or fish tail placed on the burner. For spend 
ple bends allow the tube to heat while 1 
tating it. Then allow it to bend by gravity 
to form a right angle. This procedure PI€ 
vents flattened bends. (See Fig. 28-9.) it 

U-tubes must be bent by starting W! d 
a right-angle bend. With the tubing "° 
hot, place it on an asbestos sheet an 


heat glass 
tubing till 
red hot 


Bunsen burner 


“2 e 


push while wm. 
glass ison "Wu 
asbestos 


several 
layers of 
“asbestos 


Fi 
m 28-9  Bending glass tubing. (PSSC of Educa- 
onal Services, Inc.) 


Complete the bend by using forceps or 
Pliers. For larger tubing fill with dry sand 
and then bend. The sand will prevent the 
collapse of wide tubing. To flare the ends 
of the tu bing, use a copper triangle with 
92€ point in the hot soft glass end. Turn it 
to widen or flare the end of the tube. 

To make a capillary tube, heat thin 
tubing over a wide wing top and stretch 
When red hot until the desired small di- 
ameter is reached as shown in Fig. 28-10. 

llow to cool and then cut. To make 
M age or droppers, heat the center of 
sli s then pull until the center thins out 
ht tly. Cut in the center. For a pipette 

€ct the tubing length desired and fire- 
Polish the wide end. For medicine drop- 
Pers cut to the length desired. Heat the 


wide end to red heat and then push 
against an asbestos sheet to form a flange 
as shown in Fig. 28-10. 

All tubing that is bent should be an- 
nealed. To anneal, set the burner to a yel- 
low flame by reducing the air supply. 
Heat the tubing until it is black with soot. 
Place on asbestos to cool slowly. Later 
wipe off the soot, and the tubing is ready 
for use. 
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Electric test tube heater 


Anordinary cone-shaped electric heater 
replacement unit can serve as an excellent 
source of heat in place of a Bunsen burner. 
On a sheet of rigid asbestos sheet such as 
Transite or on an asbestos house shingle 
mount a porcelain-base electric socket. 
Do not nail or screw without making 
a guide hole. Connect an electric iron or 
heater cord to the socket and connect the 


push red-hot 


I end against 
asbestos 


STEP 3 


sheet 
asbestos 


Fig. 28-10 Making medicine droppers from glass 
tubing. (PSSC of Educational Services, Inc.) 
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Fig. 28-11 An electric test tube heater made 
from an electric heating unit. 


other end of the wire to a heavy-duty, 
two-prong plug. Into the socket place the 
heater unit as shown in Fig. 28-11. Wrap 
about a '?" layer of asbestos paper 
or cloth about the heater to prevent pos- 
sible accidental burns to the hand. To use, 
hold the test tube in the hollow center sec- 
tion of the cone of the heating unit. 


Drainage facilities 


If a sink is available for getting rid of 
liquid refuse, make certain that concen- 
trated chemicals are not poured in. A 
large earthenware crock makes a good 


temporary sink which can be emptied reg- 
ularly. Empty it when it is half full. 


Laboratory balance 


A very accurate balance can be made 
by using a knife edge of a razor blade as 
the pivot (Fig. 28-12). First make a wide 
wood base about 16" long. Insert a short 
length of broomstick into a 1” hole drilled 
in the center of the base. Cover the top of 
the broomstick with a circle cut from cop- 
per. File a V-shaped groove in the copper 
at right angles to the length ofthe base. 

'The next step is the beam. Take a pieces 
of wood %” square in cross section and 12 
long. In the center make a knife cut about 
%" deep. Insert a double-edge razor blade 
of the thicker variety into the slot and ce- 
mentit into place with Duco cement. Next 
drill a hole at each end of the balance tO 
carry three strings for the balance pans: 
Cut out two 3" circles of plastic or alumi- 
num for the pans. Drill three small equally 
spaced holes around the edges of the plas- 
tic or aluminum disks and insert the 
strings as shown in Fig. 28-12. Place the 
beam on the stand with the razor blade 
edge in the V-slot in the copper on toP at 
the broomstick post. Next balance the 
beam by adding Scotch tape around the 
end of the beam end that is lightest 1” 
weight until the beam is in balance- (Qus 
up pieces of sheet lead in gram weight 
size by testing them on a school balance O" 


= 


m) 


ee 


t 
Fig. 28-12 A balance th? 
Pivots on a razor blade edge- 
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on a druggist’s balance. Cut others out for 
10, 20, 50, and 100 grams. Coins can also 
be used as weights if they are first weighed 
on an accurate balance such as a drug- 
gist's balance. 


Homemade flasks 


Large clear electric light bulbs are 
made of heat-resistant glass and can be 
used to make Florence flasks. The first step 
is to cover the burned-out bulb in a heavy 
cloth bag. Then twist the brass screw base 
I a pair of pliers until it is loose. Do not 
Rin it. A bit of heating with a burner will 
p the cement. Remove the brass base. 
ba an find a long thin sealed tube ex- 
"hdd out of the glass neck. Holding it 

gloves, place the bulb under water 

and snip off the end of the pointed seal 
Ld a pair of tinner's snips. Next file a 
D. around the neck and cut off the bot- 
a the neck by using the hot-wire 
iles od explained below. Pyrex baby bot- 

can sometimes be used as flasks. 

angele, fire-polish the cut edge by 
umi ing in a flame. Allow the flask to dry 
lam it is ready to use. The 100-watt clear 
mr are about 100-cc capacity. The 500- 
ity Phe make flasks of !^ liter capac- 
in Pi i the same wattage bulbs come 

» ifferent size glass envelopes or bulbs. 

: ce a “flask” is made, its capacity can 
ahis pin accurately by pouring in 
iiec and then removing the water. The 
dfe Re then measured in a glass gradu- 
ais ough calibrations can be made by 

ng a kitchen measuring bowl or cup. 


liqui 
quid-measuring devices 


og ene glass or plastic measuring 
he vina be used in place of graduates. 
bu sie ones are useful for all chemi- 
ate Sy ia concentrated acids. If they 
bis or concentrated acids, they must 
Sie shed out immediately. A simple 
so gency measuring device is an empty 
nce baby bottle. These are graduated 


in ounces and half ounces. A tall olive jar 
can be used as a graduate cylinder by 
making a scale on the side. Add water by 
the cubic centimeter and make an India 
ink mark on the scale. Then cover the 
marks with Scotch tape to protect the 
scale. 


Ring stands and clamps 


One quarter inch or thicker threaded 
rod with two nuts to fit and a wooden 
base makes a good ring stand. Drill a 
hole in the wood base. Countersink the 
bottom of the hole to allow the head of 
the screw to go flush with the surface and 
bolt the threaded end to the base. You 
may want to treat the base with black 
asphaltum varnish to acid-proof the 
wood. 

Small C-clamps and strong spring-back 
steel clamps used for holding paper to- 
gether can serve to hold apparatus to the 
ring stand. Wooden clothespins of the 
spring type make good test tube holders 
for heating thin test tubes. 


Cutting bottles and jars 

Bottles, jars, Jugs, and other cylindrical 
glass containers found around the kitchen 
can be converted into useful jars for use in 
elementary science. You will, of course, 
need a sharp glass cutter. This cutter must 
be securely held while you scribe a cut 
around the circumference of a bottle as in 
Fig. 28-13. If you have a strong hand, you 
may rest the glass cutter on some books. 
You can vary the height of the cut by 
changing the number of books under the 
hand holding the cutter. Another way is 
to set up two boards at right angles as in 
Fig. 28-13 and fasten the cutter to one end 
by means of a wood screw. The block 
against which the base of the jar or bottle 
you are cutting rests is held in place with 
a C-clamp or a long nail. 

Once you have made the cut you are 
ready to use a hot electric wire to finish 
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rotate 
bottle 


gloss 
cutter 


Fig. 28-13 Cutting glass bottles. (PSSC of Edu- 
cational Services, Inc.) 


the job. On a baseboard about 10" x 
12" x 1" place two porcelain-base sock- 
ets at the left. One carries a 15-ampere 
fuse. This is the one connected to the 110- 
volt wire and plug. This wire and plug are 
of the type sold for electric iron cords. The 
other socket has a 1000-watt, cone-shaped 
electric heater unit which you may pur- 
chase in a large electrical supply house or 
from a large hardware store. From a phys- 
ics teacher in a local high school get sev- 
eral feet of #22 or 24 Nichrome wire. You 
can buy a small spool of this wire from a 
scientific supply house. Next, at the end of 
the board drill 14” holes to carry 'A” bolts 
that are 6" long. Fasten the bolts to the 
board with nuts. Then use additional nuts 
to fasten a 12" length ofthe Nichrome wire 
between the long bolts. Cover the under- 
side of the board with sheet asbestos to 
prevent short circuits. Plug the unit into 
an outlet and you are ready to finish cut- 
ting a jar or bottle. Simply place the cut 
line you have made on the bottle against 
the red-hot Nichrome wire. Press gently 
and rotate the bottle or jar against the 
Nicbrome loop. Remove the bottle and let 
it cool. You will hear the glass crack along 
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the cut as the glass cools. Throw away the 
neck of the bottle or jar or keep and use as 
a funnel. File the sharp edges of the jar 
you have formed with an ordinary file to 
get rid of the sharp edge. Your jar is now 
ready for use. 


Workshop table and tools 


Any workshop table will do if one part 
is covered with Transite (hard sheet asbes- 
tos) on which you can solder and use other 
heating devices. You will want a vise to 
hold wood and a small metal vise. The 
back of the bench should be fixed to hold 
tools. You might also want an electric 
outlet in the bench. The number of each 
kind of tool depends upon the nature of 
the program. If for the teacher alone, one 
of each suffices. 


hammer—% lb claw 
hammer—J/ Ib ball peen 
screwdriver—6” 
screwdriver—telescoping set or kit 
nail set 

center punch 

wood mallet 

electric soldering iron 
soldering paste 

rosin-core solder 

pliers, gas 

pliers, long nose 

pliers, electricians 

pliers, diagonal (wire cutters) 
shears—10” tinner’s 

hand drill 

drill bits set-—¥” to 14” diam. 
bit brace 

augur bits set —/^" to 1” 
C-clamps (assorted sizes) 
crescent wrench—open to 1” 
Phillips head screwdrivers—set 
Saw, cross cut 

saw, hack with spare blades 
Saw, coping with spare blades 
saw, back 12” 

plane, smoothing 10” 


carpenters square—trisquare 

steel dividers 

yardstick 

steel rule 

file, bastard 

file, smoothing 

file, mill 

file, triangular—'4” and Y^" section 
file, rattail—%” diam., 3/16" diam. 


One important thing is to have a special 
area for painting so that you do not mess 
the floor, workbench, or classroom. 


GENERAL DIRECTIONS 
Pupils 


Following are suggestions for safety pro- 
cedures when you are working with sci- 
ence materials in the classroom." 

(1) Pupils are to bé under the direct 
Supervision of a teacher at all times and 
'^ all places, 

" (2) Pupils are Nor to carry laboratory 
quipment or apparatus through the halls 

is d the intervals when classes are pass- 

" (3) Pupils are wor to transport danger- 
us chemicals at any time. 

"i Pupils are Nor to handle materials 

the Fs demonstration desk except under 

irection of the teacher. 

a Pupils are NOT to taste chemicals or 

*r materials. 

Ns Before permitting pupils to work 
noni tools, the teacher must be as- 
B that pupils are fully competent to 
Se the tools, 

" At the beginning of each term, pu- 

S should be instructed in general safety 
Precautions, 

"nd Pupils should be specifically in- 
Prec ed regarding the dangers and the 
autions required, at the beginning of 


Foy GXCEPIS from New York City Schools booklet 
eater Safety in Science Teaching, September, 1949. 


each period where there is a special haz- 
ard. 

(9) Pupils should be cautioned about 
hazardous activities’ involving the use of 
chemicals outside the school—e.g. mixing 
chemicals to “See what happens,” setting 
fire to gasoline cans, breaking open fluo- 
rescent tubes. 


Teachers 


(1) When using volatile, inflammable 
liquids, such as alcohol, in a demonstra- 
tion experiment, care must be taken that 
any flame in the room is at an absolutely 
safe distance from the liquid. 

(2) Never add water to concentrated 
sulfuric acid. If it is necessary to prepare 
diluted acid, the concentrated acid should 
always be added in small quantities to the 
water, with continuous stirring. 

(3) Combustible materials of all types 
are to be kept in a metal cabinet provided 
with proper means for closing and locking. 

(4) Do nor demonstrate devices or 
equipment brought in by pupils before 
pretesting. 

(5) In performing experiments where 
there is a possibility of spattering, where 
there is the slightest chance of a serious 
flash or explosion, or where the teacher 
deliberately uses mixtures which he in- 
tends to explode, the following precautions 
should be observed: 

(a) Keep pupils at a distance not 
less than 8’ from the demonstra- 
tion table. 

(b) Use a screen of strong, fine wire 
mesh, wire glass, or, for spattering 
experiments, ordinary glass as a 
shield for both pupils and teacher. 
(c) Wherever possible, glass vessels 
wherein explosions may take place 
should be made shatterproof by ce- 
menting several layers of cellophane 
onto the glass with collodion. This 
will provide safety without affecting 
visibility. 
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(6) On inserting glass tubing into rub- 
ber stoppers or tubing, observe the follow- 
ing precautions: 

(a) Never attempt to insert tubing 
having a jagged end. Fire-polish, if 
possible. Otherwise, bevel the edge 
with a file, wire gauze, or emery 
cloth. 

(b) Use water, soap solution, glyc- 
erin, or Vaseline as lubricant, and 
force the tube into the hole by a 
twisting motion. 

(c) Always aim the tubing away 
from the palm of the hand that 
holds the stopper or rubber tubing. 
(d) Always hold glass tubing as 
close as possible to the part where it 
is entering the rubber stopper. 

(e) The use of a cloth wrapped 
around the hand or the tubing at 
the point of contact with the hand 
will help prevent injury if the glass 
breaks. 

(7) In inserting a thistle tube into a 
rubber stopper, do not grasp the thistle 
tube by the bowl. Always wet the tube 
and use a twisting motion when applying 
pressure. 

(8) Keep all bottles labeled at all times. 
If no other kind of label is available, a 
piece of adhesive tape will serve the pur- 
pose. 

(9) Liquids or solids found in unlabeled 
bottles should be discarded. Do not guess 
as to the nature of the substance, 

(10) Bottles containing acids or organic 
volatile liquids should never be placed 
near heating pipes nor allowed to stand in 
the sun; dangerous gas pressures may be 
built up. 

(11) Never cork a bottle containing 
dry ice; always plug loosely with cotton. 

(12) Itissuggested that Bunsen burners 
be mounted individually on wooden blocks 
for stability. 

(13) Alcohol or other volatile liquids 
should not be used in a room where there 
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isa flame or where a flame may be used 
shortly thereafter. Rags or cotton swabs 
soaked in any of these substances should 
be carefully disposed of in fireproof re- 
ceptacles. 

(14) Glass wool and steel wool should 
be handled carefully to avoid getting 
splinters in the skin. 


Safety suggestions 
in the preparation of oxygen 


(1) Care must be taken to avoid ex- 
posing potassium chlorate, manganese di- 
oxide, sodium peroxide, or any other oxi- 
dizing agents to contamination. Danger- 
ous explosions may result from the pres- 
ence of organic material in an oxidizing 
agent. : 

(2) In the experiment where oxygen 1$ 
prepared by heating manganese dioxide 
and potassium chlorate, make certain that 
the bottles of manganese dioxide and 
charcoal powder are not placed on the 
same shelf or near each other in the labo- 
ratory. Keeping them in different parts of 
the room will prevent the possibility of 4 
pupil’s mistaking one for the other and 
thereby possibly causing a serious explo- 
sion. 

(3) Warn pupils against allowing the 
carbon from wood splints to fall into the 
hot potassium chlorate-manganese dioxide 
mixture. If this should occur, heating 
must be stopped immediately. ; 

(4) If the sodium peroxide method b 
used for perparing oxygen, the following 
precautions should be observed to insure 
safety: à 

(a) Avoid contact of skin with moist 
sodium peroxide. 

(b) Make certain that no active a 
dium peroxide is left in contact 1" 
paper or other easily ignitible ud 
stance. If paper is used for pouring 
the chemical into the generato": 
soak it thoroughly with water befor 
discarding. 


(c) It is suggested that an Erlen- 
meyer or Florence flask be used as a 
generator instead of a bottle, thus 
preventing the possibility of crack- 
ing the generator due to heat of re- 
action. 
A (5) Oxygen may be safely prepared 
irom a 3-5% solution of hydrogen perox- 
ide which is dropped on either powdered 
manganese dioxide or pelleted activated 
charcoal. No heat is necessary. 


Safety rules for handling 
electrical devices 


(1) Pupils should be taught never to 
-d any electrical device which has just 
EE. used. Most electrical devices are hot 
ihe use, and serious burns may result if 
th egree of heat is not ascertained before 

€ device is grasped. 

a Pupils should be instructed never to 

Ort-circuit dry cells or storage batteries. 
ie temperatures developed in the con- 

ing wires can cause serious burns. 
Ma Sharp edges on mirrors, prisms, or 
iS o plates should be reported by pupils 
Sho i teacher in charge. Raw glass plates 
ni uld be bound with adhesive or Scotch 
x pe. Waxing edges of plates with melted 
araffin is highly effective. 
my, Students should be cautioned about 
ani anger of shock from the secondary of 
nduction coil. 
Mahu removing an electrical plug from 
Bona et, pull the plug, not the electric 
a In inserting an electrical plug, hold 
P. that any flashbacks due to a short 
his it i; not burn the palm of the hand. 
ifon. also applies to holding a soldering 
ee Electrical extensions used in the 
5 mL. for projection machines, ctc., 
in ins be inspected regularly for defects 
pese or connections. 
lens f the current is constantly used 
any metal object, the object should 


be permanently protected with an insu- 
lating cover to avoid possible contact. 
General care should be observed to see 
that live wires do not contact grounded 
metallic objects. 

(9) Care should be observed in teacher 
and pupil handling of a storage battery. It 
is a source of danger, in spite of its low 
voltage, because of the acid it contains 
and because of the very high current 
which may be drawn from it on a short 
circuit. 

(10) All types of induction coils should 
be clearly marked for the low-voltage and 
high-voltage connections in order to pre- 
vent the possibility of shocks. 

(11) In the handling of radio equip- 
ment by teachers and pupils, the following 
precautions should be observed: 

(a) Make certain that the current 
is off before putting hands into the 
radio. 

(b) In handling the so-called trans- 
formerless type of radio (a.c.-d.c.), 
where the tubes are series-connected 
and the set works directly from the 
line, take caution to prevent any 
grounded metallic object from com- 
ing in contact with the metallic 
chassis. 

(c) In using a standard transformer 
radio, be cautious about the han- 
dling of B voltages. The high-volt- 
age secondary is in the order of 600 
volts a.c., and the rectified B volt- 
age about 300 volts d.c. Severe 
burns and shock can result from 
contact. 

(12) Care should be taken to prevent 
pupil injuries due to sharp edges on mir- 
rors, prisms, and glass plates. Such appa- 
ratus should be inspected before being 
handed to pupils, and sharp edges should 
be removed by grinding them with emery 
cloth or carborundum stone or by paint- 
ing them with quick-drying enamcl. Pu- 
pils should be instructed to report at once 
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any sharp-edged apparatus handed to 
them. 

(13) (a) The practice of removing ther- 

mometers and glass tubing from 
rubber stoppers as soon as possible 
after use will prevent the possibility 
of the glass’ “freezing” to the rubber. 
(b) To remove thermometer or 
glass tubing that has been frozen 
into a rubber stopper, the following 
method has proved safe and effica- 
cious. Use a wet cork-borer, just 
large enough to slip over the tube, 
and slowly work the cork-borer 
through the stopper, thus boring the 
frozen tube out of the stopper. 
(c) As an alternate method to the 
above, it is suggested that the rub- 
ber stopper surrounding a frozen 
thermometer be slit open with a 
razor. The stopper can then be re- 
paired with rubber glue, or can be 
used as a split stopper. 


Safety suggestions 
for biological experiments 


(1) Great care should be exercised by 
pupils in securing epithelial cells from the 
inside of the cheek for study under the mi- 
croscope. Only a clean wood tongue de- 
pressor or the blunt edge of a flat toothpick 
should be used. Pointed instruments or 
any part of a scalpel should never be used 
for this purpose. 

(2) Handling laboratory animals. Rats, 
mice, guinea pigs, and other laboratory 
animals should be handled gently by stu- 
dents in order not to unduly excite the 
animals into biting. Thick rubber gloves 
should be available and used whenever 
necessary, that is, when there is danger of 
being bitten (by excited animals, injured 
animals, new additions to cage, pregnant 
or feeding females, etc.). Students and vis- 
itors in the laboratory should be cautioned 
not to insert fingers in wire mesh of a cage. 

Appropriate signs such as “Keep Hands 
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Off" should be displayed about a cage. 
Only specially trained members of the lab- 
oratory squad should be permitted to han- 
dle laboratory animals. Poisonous snakes 
should not be kept in the laboratory. 

(3)Use of formaldehyde. Specimens 
preserved in formaldehyde should be 
thoroughly washed in running water for 
24 hours before being handled by students. 
In taking specimens out of formaldehyde, 
wear rubber gloves or use tongs or forceps; 
depending on the size of the specimen. 
Adequate ventilation should be pro- 
vided in any room where formaldehyde 
is used. 

(4) Use of carbon tetrachloride. Ade- 
quate ventilation should be provided in 
any room where carbon tetrachloride 1S 
used. Some schools have legal restrictions 
against the use of carbon tetrachloride. 

(5) Precautions for field trips: 

(a) Pupils should be instructed 
about identification of poison 1VY: 
poison sumac, and local poisonous 
snakes. 

(b) First-aid kits should be taken 
on all field trips. 

(c) Students should be instructed 
about the proper clothing for a fiel 
trip in order to avoid illnesses dUC 
to undue exposure. d 

(6) In handling flowers and bre? 
mold, care should be taken that pollen oF 
spores are not excessively distribute 
through the classroom. Some students 
may be allergic to pollen or spores d 

(7) Only sterile needles or lancets shouk 
be used by the teacher for pricking his 
finger to draw blood. Blood should ?* 
drawn from the dorsal side of the finge" 
in back of the cuticle. Rub the finger with 
alcohol before pricking it; then cover 
with bandage. 

(8) Operation of pressure cooke 
sterilizing bacteria media: 

(a) Before operating the 
sure cooker, familiarize yours 


r for 


res- 
: elf 


thoroughly with the proper direc- 
tions for operation. 

(b) Examine the safety valve before 
use and make sure it is in working 
order. 

(c) Don’t allow the pressure to go 
above 20 pounds. 

(d) Stop heating before removing 
the cover. Pressure should be down 
to normal before removing cover. 
(e) Be sure to open the stopcock 
before releasing the clamps. 


(9) Teachers should take special care 
When allowing pupils to handle any ofthe 
following: 


(a) Denatured alcohol and wood 
alcohol. 

(b) Apparatus left hot by use, i-e 
Stereopticon, micro-projector, etc» 
that could cause burns. Allow hot 
projectors to cool before replacing 
in cases. 

(c) Carpentry tools. 

(d) Electrical apparatus and equip- 
ment. 


Storing inflammable liquids 
„i I flammable liquid is any liquid that 
e generate inflammable vapors at 4 
€mperature below 100° F. 


crude petroleum tin can 
benzene, benzole, tin can 
or naphtha of any kind 
Coal tar tin can 
Coal tar oils (heavy) tin can 
Wood creosote g.s.b.’ 
varnishes, lacquers, etc. tin can 
acetone g.s.b. 
alcohol, ethyl tin can 
alcohol, denatured tin can 
alcohol, methyl tin can 
aldehyde, ethyl g.s.b. 
amyl acetate g.s.b 
amyl alcohol g.s.b. 


E aS. zi 
8:s.b. means glass-stoppered bottle, or one with a 


l : 
Plastic Screw cap. 


kerosene 


turpentine 
toluol 

xylol 
essential oils 
glycerin 


tin can 

or g.s.b. 
tin can 
tin can 
tin can 
g.s.b. 
g.s.b. 


Storing combustible substances 


Combustible substances are compounds 


phosphorus, white 


phosphorus, red 

sulfur 

metallic 
magnesium 
(strip and powder) 

camphor 

rosin 

pitch (coal tar) 

tar, refined (wood) 

naphthalene 

shellac 


resins, balsams, 
and other 
varnish gums 
pulverized charcoal 
lampblack 
cotton, absorbent 
cotton batting 
lycopodium 
zinc dust 


hydrochloric 
acid 
sulfuric acid 


or mixtures that emit inflammable vapors 
at a temperature of 100-300° F. 


under water in 
glass bottle 
surrounded 
by sand 

g.s.b. 

tin can 


g.s.b. 


g.s.b. 
g.s.b. 
tin can 
tin can 
g.s.b. 
g.s.b. 
or tin can 
tin can 


tin can 
tin can 
paper box 
paper box 
g.s.b. 
g.s.b. 


Storing dangerously corrosive chemicals 


g.s.b., 6 Ib 
each bottle 

g.s.b., 9 Ib 
each bottle 


phenol g.s.b. 
(carbolic acid) 
sodium g.s.b. 
hydroxide 
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Storing peroxides and other 


ox 
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idizing agents 
hydrogen peroxide, g.s.b. 
U.S.P. 3% 
sodium peroxide tin box 
potassium peroxide g.s.b. 
potassium chlorate g.s.b. 
or tin can 

strontium nitrate g.s.b. 


WORKING WITH SCIENCE MATERIALS 


cobalt nitrate g.s.b. 

iron nitrate g.s.b. 
(ferric) 

silver nitrate g.s.b. 


Storing substances made dangerous 
by contact with water 


quicklime tin can 


sulfuric acid g.s.b. 


APPENDIX: 
TEACHERS’ REFERENCES 


Adapting the classroom 


to science teaching 


Do you teach in an average classroom? A 
room with a bank of windows along one side, 
with radiators up to the window sills? One al- 
ready crowded with desks and chairs and over- 
flowing when these are occupied by children? 
Very likely the nearest running water is in the 
janitor's mop closet down the hall, and electric- 
ity comes into the room only through overhead 
lights suspended from a long wire. You have no 
special scientific equipment and no place to put 
it if you did. Even if you had the equipment, 
when would there be time in your overloaded 
day to plan for and teach any science? More- 
over, you probably took as few science courses 
as possible in high school and college and never 
distinguished yourself in these. 

Even so, what could you do with what you 
have of time, space, equipment, and energy? 
Have you considered the science possibilities of 
standard schoolroom equipment? Take a look 
around your room. The pencil sharpener is an 
ingenious machine combining the principles of 
a wheel (gears) and axle, a lever (handle), and 
an inclined plane (blades), among others. A 
door handle and latch combine the wheel and 
axle and the wedge. Most hardware fittings are 
held in place by screws (inclined planes) and 
bolts. A hinge is an example of the wheel and 
axle principle. Window fasteners supply other 
combinations of simple machines. Window pul- 
leys operate because of the wheel, Sometimes 
window casings all too effectively illustrate fric- 
tion! Let children rub soap or wax in the 
grooves or on the pulley ropes and speculate on 
the reasons for improvement in operation. 

One day a student teacher was well into a 


” 
carefully planned lesson when the “blind man 
and the custodian arrived, as usual without ad- 
vance notice, to repair the Venetian blinds. 
The teacher was urged not to compete for the 
children’s attention, and the custodian and 
repairman became teachers for a few — 
illustrating some simple scientific principles t 
€veryone's interest and satisfaction. 


INDOOR WINDOW SILLS 


As every teacher knows, window sills es 
magnetic for the restless youngster who has m 
still as long as he could. If you use window $! ts 
for growing plants, you might put these n 
to work to illustrate such basic principles ast A 
water cycle of evaporation and condensa 
Plants can help correct the superheated air " 
most schoolrooms in winter. On a cold ie? 
ing, a terrarium on a north or east window E 
should supply a beautiful illustration of c? 
densation. best 

An aquarium exhibits its inhabitants t es 
advantage near'a window. A wax crayon nee 
at the water line shows the rate of ae 
from the aquarium, Your high scorers in aT the 
metic might be challenged to atre dif- 
amount of evaporation from containers ©! Iga 
ferent surface areas. A superabundance al am 
growth in their aquarium led a first gad ale 
Some real adventures in planning ways ° il 
ing this difficulty. The metamorphosis of a on 
toad, or salamander from its egg in a 84 are 
glass jar is always exciting to watch, en 
must be taken to protect the egg from 
sunlight. 
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The effect of light on samples such as colored 
cloth, paper, and plastics placed on the window 
sill can be a challenge to critical thinking. The 
dust that blows in from the playground to lodge 
upon the window sill might be observed on 
white paper with a magnifying glass for color, 
density, etc., and for its relation to wind direc- 
tion and weather. In one new school such in- 
vestigations led to a school planting project 
involving the whole community. You might 
also try using the new plastic seed germination 
trays that are widely available. 

An upper grade teacher in eastern Washing- 
ton adapted a shadow box to the middle win- 
dow of his classroom. It made an ideal display 
center for new and interesting objects. To the 
window sill below he attached a U-shaped 
cleat with a button fastener. This just fitted the 
base of an inexpensive microscope and held it 
safely and securely near the maximum light. 
The shadow box held many intriguing objects 
for examination, e.g., a flake of mica, a bit of 
feather, a fish scale, and some alum crystals. 

You may wish to teach your children how to 
Use museum or nature trail techniques in label- 
Ing the classroom collections. The simplest label 
can be a piece of notebook or chart paper 
folded in three parts so that it forms an isosceles 
triangle, one side making a base and the other 
two bearing legends or questions. Because of 
the Psychological value of viewer involvement, 
At may wish to try tags fastened to objects, as, 
mame the water spigot. Its tag might 

» "How many other examples can you find 
of the wheel and axle in our room?” A “peep- 
hole” sign is always intriguing to children. 
wot good examples set the children to im- 

ing and often improving on the originals. 


OUTDOOR WINDOW SILLS 


One of the most neglected but useful parts of 

à school’s architecture is the outdoor window 
Sill. This is the closest point to the out-of-doors 
os can be reached directly from the tradi- 
“aa classroom, Here insects can be raised in 
A containers with no danger of their being 
ter pote in the classroom. Plants that grow bet- 
the en will thrive. This is the place where 
casons and the weather change, and there- 

Ore the ideal spot for the class weather station. 


Homemade and dime store thermometers, 
apple box weather vanes, dime store humidity 
indicators, and barometers from evaporated 
milk cans make up a working weather station. 
(See Chapter 7.) 

The children can measure the amount of 
sunshine, the amount of rain, and the amount 
of snow on the outdoor sill. The class farm can 
thrive in cheese boxes on the outdoor sill. With 
proper provision the children can build a feed- 
ing station and birdhouses that will attract 
birds year after year. The particular lesson at 
hand can utilize the outdoor window sill when- 
ever continuous out-of-doors conditions are re- 


quired. 


WINDOWS 


Unless you teach in an ultramodern air-con- 
ditioned classroom, your windows serve to let in 
fresh air as well as light. No doubt you have 
window monitors to check the wall thermom- 
eter and adjust the ventilation accordingly. 
You will undoubtedly find it useful to plan a 
class lesson on how to read a thermometer. 
Initiate a general discussion of the room ther- 
mometer and its range and position for opti- 
mum room temperature. Like any lesson, the 
discussion will tell you what the children do 
and do not know. Give each child a sheet of 
graph paper and ask him to draw a thermom- 
eter illustrating desirable room temperature 
and another illustrating outdoor temperature 
at lesson time, at freezing point, etc. Children 
love to manipulate a large zipper thermometer 
(pp. 97-98). Painting the zipper red with nail 
polish gives it additional interest. Often there is 
narrow wall space between door casings that can 
be used for mounting thermometers and yard- 
sticks. If possible, introduce centigrade ther- 
mometers and meter sticks along with the 
ordinary measures. No lengthy explanations 
are necessary—only long-term exposure, so that 
the unfamiliar becomes familiar and eventually 
useful. Try also simple wet- and dry-bulb ther- 
mometer mountings (p. 103) to let children dis- 
cover that “closeness” in the room is due more 
to water vapor than to high temperature. 

Windows serve also as the initial approach 
to understanding convection currents, the great 
cyclic movements in the atmosphere which 
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create weather. The health books tell us to open 
windows at both top and bottom. More often 
than not this advice is ignored, either because 
the windows stick or.because the window 
monitors are unaware of the underlying 
principles. When the room gets too warm, the 
children open windows at the bottom. Cool air 
comes in, but none of the warm air near the 
ceiling can escape. There is no real interchange 
of air, and so the room remains warm and 
stuffy. 

Ask the children how they think the room 
should be ventilated. The obvious answer— 
open the windows—needs probing to find ex- 
actly how and why. In case some know that 
windows should be opened at both top and 
bottom, ask them whether they can think of a 
way to prove their point. Some may suggest 
using strips of Kleenex. If these are Scotch- 
taped to the radiator or to the edge of a tran- 
som, children will begin to observe and learn 
about air currents within the room. A bit of 
clothesline or thick cord set on fire and then 
extinguished gives off smoke which traces the 
air currents at window tops and bottoms. The 
convection currents for casement windows are 
not so clear-cut but nonetheless can be observed 
to some degree. 

When outdoor air heated by the sun rises, 
cool air rushes in to take its place just as it does 
in a properly ventilated classroom. On the 
West Coast, large air masses over the desert 
eastward are warmed and rise to the point 
where cool air flows in from the ocean as it 
does nearly every afternoon of a sunny day. 
The same principle holds in varying degree in 
other parts of the country and can be related to 
the daily weather report map on TV and in 
the newspaper. 

Further evidence of microclimates within the 
room may be secured by keeping temperature 
records from thermometers placed near the ceil- 
ing and near the floor. If the custodian’s ladder 
is not easily available for the high reading, some 
enterprising youngsters may undertake construc- 
tion of a periscope (p. 251). 

A window’s other function of admitting light 
may be utilized to teach some fundamental 
concepts about light and the earth’s seasonal 
gyrations with respect to the sun. 

If possible, secure a photographic light 
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meter, and let the children record the intensity 
in different parts of the room. Take readings at 
the beginning of the school day, at noon, and 
at the close of the school day. Repeat in 2 
weeks or a month and correlate to the change 
in the length of daylight as revealed in the 
daily paper. If the children have been plotting 
the progress of shadows on the floor over 2 
period of time, they are in a better position to 
correlate variations of light intensity within the 
room to the earth’s progress in its annual orbit 
around the sun. 

Light streaming through the chinks and 
apertures in Venetian blinds usually repro" 
duces rounded images of the sun at some places 
on the floor. Although the chinks arc angular, 
the spots of light are rounded because the light 
source is round. Let the children construct 2 
pin-hole camera (p. 245) to help them discover 
why this is so. 


WALLS AND CEILING 


You can begin a study of the earth's crus, 
right in your own classroom and extend per 
enrich it with trips down the hall and on 
around the school building. Many ee 
have walls and ceilings of plaster with wo k 
trim and moldings. Let the children investii 
the source of plaster and, if possible, eet 
small samples from the custodian or 2 iet 
plasterer or building supply. The soft white Pi i 
ter of Paris is made by heating gypsum pin [ds 
loses most of its water content. When hes? 
added to plaster of Paris, it sets in about hi z 
an hour to a solid mass of gypsum. Let the e fi- 
dren set a slab of plaster by mixing and sm? ith 
ing a shallow section in a shoebox lined ngi- 
foil or in a half-gallon milk carton cut a is 
tudinally. The heat generated when b 
mixed with plaster is the same as the nga: an 
when water is driven out of gypsum inthe we 
ufacture of plaster. Restoring the water gor 
permits recrystallization to take place- an 

An old-type slate blackboard illustrates at 
other earth material useful because of 
planes and fracture lines. Slate was hea 
from layers of shale subjected to aet 
and pressure deep underground. This € mela- 
in rocks, as in insects and frogs, is called ' 


orme 
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morphosis. Slate is a metamorphic rock. The 
handsome marble slabs seen in older school 
lavatories were metamorphosed by the same 
forces from deep layers of limestone. Wet a 
piece of shale; it has the same “earthy” smell 
as wet slate. 

Even newer schools often use tiling in their 
hallways and other areas of heavy use. Why? 
Let the children experiment with removing 
marks from a piece of tile and from other kinds 
of building materials. Encourage them to find 
Out how tile is made, where it comes from, and 
why the factory is located where it is. Children 
who have clay work fired in a local kiln can 
contribute some useful knowledge about the ef- 
fect of high heat on earth materials such as 
clay. Let the children discuss and suggest ex- 
Periments to show why clay and not other 
kinds of soils is used in making tile. You may 
relate such studies to new ceramics and missile 
DOse cones. 

h Another kind of earth material processed by 
dei UN in your classroom is window 
NOD xw is made by heating sand with lime- 
Hews ^ washing soda until the mass melts and 
" Tolen e liquid. The same thing happens inside 
results no; and the volcanic glass that sometimes 
We we is called obsidian. This shiny black mate- 
the Wes Die by Indians and traded all over 
diria st pecause of its adaptability to spear and 
whieh points. The same conchoidal fractures 
bileg Seri artificial glass cuts so severe were 

s y these primitive hunters. 
inno even synthetic, can be useful for 
World sit awareness and understanding of the 
ls vous ound us. What kinds of wood are used 

classroom? Where did they come from? 
t ead the grain or pattern compare with 
a Tocai a tree cut in cross section? Perhaps 
help th or ae or lumberyard owner can 
teei $ a ildren understand how the way the 
adig: aid on the saw can produce interesting 

different designs. 
Med synthetic or plastic materials used in 
stories bei classrooms all have interesting 
cepts efi many Selenes implications and cone 
Own leue able for children to discover at their 
- (See Chapter 20.) 

moder, what about design in construction? A 

classroom chair or desk is designed for 


the greatest strength with the lightest weight 
from a minimum of materials. Examine the 
furniture you have. How is it braced? Is the 
basic design of the arch incorporated into the 
chair you use? How has the designer saved 
weight and material? If the furniture is part 
metal and part wood or plastic, which part is 
metal and why? 

How many metallic elements are found in 
your room? Copper in electric wires or water 
pipes, iron in furniture or hardware, alu- 
minum, lead, tin? An exhibit of the elements to 
be found in or near the schoolroom will sur- 
prise you by its extent. (See Chapter 12.) 


VERTICAL SPACE 


Have you jump ropes or some other relatively 
light equipment which could be hung up, say, 
in the cloakroom? If so, secure a fair-sized 
**plumber's friend." Wet the edge of the rubber 
disk and apply to the wall surface just at shoul- 
der height for the children. This will be the 
place to keep jump ropes and will also provide 
the children with an object lesson in a partial 
vacuum and in the lateral pressure of air. Too 
often the traditional experiments leave children 
with the idea that air presses only down or up, 
never sideways. 

Do your children bring in such magazines as 
Life, National Geographic, and Popular Science or 
other general periodicals with interesting arti- 
cles and pictures about science? These are 
actually textbooks in modern science. Suspend 
the magazines over the bars of an inexpen- 
sive wooden towel rack, the kind that can be 
extended high or folded down as needed. 


BULLETIN BOARDS 


A conscientious student teacher recently 
planned a second grade display entitled “Why 
the Sun Is Important to Us.” If you were a 
second grader, would you consider the sun im- 
portant enough to be worth a second look? She 
finally settled on a less academic title. It may 
not have impressed the supervisor, but the 
children were curious about it. Modern adver- 
tising furnishes a clue when it understates or 
otherwise arouses curiosity and interest. 

Once the teacher has set a standard, “pper 


BULLETIN BOARDS 485 


grade children can often carry on the labor 
and planning and executing of new bulletin 
board displays. Indeed, it is labor to think out 
and collect the materia! for a good display and 
change it often enough to keep it from becom- 
ing “wallpaper.” Wherever space permits, some 
teachers use more than one kind of bulletin 
board. One may summarize the results of some 
particular study, so that the group can gloat over 
its accomplishments. Another may be the chil- 
dren’s own board to be arranged as they wish. 
Herman Schneider found one of these, delight- 
fully named the “Glumble Board.” A classroom 
teacher thus describes such a board, as well as a 
third type:' 


To the children it is not a clutter; rather it 
is filled with vastly interesting items that are 
not propounded by the school. Perhaps there 
is something psychological about this; per- 
haps that's what keeps the interest high. At 
any rate, the standards are theirs, both in 
methods and materials. 

The little fellow who can't bring himself to 
stand before the group to "show and tell" 
will draw a picture and pin it on this board, 
probably when nobody is watching him. 
Some youngsters cut from magazines and 
newspapers pictures and articles about spe- 
cial interests that are never mentioned in 
class—subjects that may be a far cry from 
the curriculum outlined for the grade. Yet a 
little imagination and ingenuity can pull 
these unlikes into interesting relationships. 
For example, a sixth grade I knew was 
Studying Greece, but Peter had disoriented 
himself from the group for days. His contri- 
butions to the clutter board had been several 
star maps and an article about a planetarium. 
A book containing star myths by the ancients 
was the tie that once more bound him to the 
group. (This sort of thing happens when one 
takes time to look at the children’s board and 
to note who offered the materials on display.) 

Neatness of the clutter board will vary ac- 
cording to age and ability. Middle graders 
have a strong sense of design as well as fair 
play. They will not allow monopolies, Some- 
times children will choose a class member 
they look up to for fair play and quiet lead- 
ership. They are occasionally quicker than 
the teacher to see in someone an aptitude for 


‘Patricia Adams, Schoolroom Science Center, Cornell 
Rural School Leaflet, Teacher’s Number, Vol. 49, 
No. 1, Fall, 1955, pp. 28-30. 
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neat lettering and effective arrangements. Or 
it may be the teacher who will choose a 
child for this type of ability not yet recog- 
nized by his classmates who may excel him 
in other things. Primary children need a 
helping hand—when they ask for it. A com- 
mittee or manager may have to be chosen M 
keep things under control and sec that ok 
items are removed and reclaimed by their 
owners. I find this works better when insti- 
gated as a result of difficulties. If too i 
restrictions are set up in the beginning mE 
it becomes a chore, the clutter board will 5 
short-lived and unproductive. Duration T 
display, sparing, mounting, and labeling ol 
fer Opportunities for problem solving TE 
group work. The children are brought a 
gether by sharing interests, and often ar! 
stimulated to discover and develop new T 
Type three is my own board, and I iM 
jealous of it as the children are of wa E 
Here I can do what I wish, from some ie 
ribly clever" review of an old and troub n- 
some lesson, to ideas for modern art or ^ 
ulus for a new science project. I can el 
formal or informal; I can arrange it mys) 
or assign it to a class committee et 
work under my direction. I prefer to m 
my board at or near the front of the que 
where the wandering eye comes to rest T Chis 
often; for I like to think, at least, that tit 
silent teaching has several effects; tha n 
gives a sense of orderliness of color ; to 
arrangement (I sometimes go so far aes 
measure distances) and that it stimu ade 
thinking. I can use every trick of the i 
from peep shows to 3-D to create peret 
shoe box with a window cut in it may e to 
bor anything from a small living d. to 
an important notice I want everybo i wg 
read. Small shelves can be built pierces 
9r construction paper to hold “real” o ied 
9r they can be wired or pinned on. d to 
tions and captions can be devised to s of 
experiments, to observations, or to theu diss 
books available close by. Often a Sen han 
Son can be taught with nothing more kin 
good pictures and captions: paperm?" up 
from the forest to the mill, with a foron fol- 
study of paper products. (I have foun they 
low-up lessons useful and rewarding, for rti- 
tell me who has done the work in this Pling 
cular field, and how much understar has 
has been gained.) This bulletin boar ues- 
offered a satisfying way to deal with ‘hich 
tions that arose from small groups anc class 
could not be handled adequately !? 
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time. Maple syrup from tree to pancakes, 
milk from cow to dinner table, a letter from 
mailbox to mailbox—social studies, science, 
arithmetic, spelling—all find a place on my 
board and appeal to some in the group. To 
try to reach everybody every time is to court 
despair. Certain things everyone must do, 
such as march in a fire drill and learn 
the multiplication tables; but bulletin boards 
to be fun must have strong interest appeal. 
If they look like fun and lead to individual 
activities, most of the children will be inter- 
ested most of the time. The bulletin board is 
often the answer for “What shall I do when 
T have nothing to do?” 

Good ideas on my board often carry over 
to the clutter board. Through the year choice 
of materials, labels, use of colors for mount- 
ing, and effectiveness in arrangement im- 
Prove. Indeed I have found more than once 
that some of the best ideas for display do not 
emanate from my board. I have found, 
above all, that “easy does it” in preparing a 
board. If it is as important as I think to have 
a fresh, new display often, then I cannot be 
a perfectionist in all things. It is important 
for me to be neat and accurate because my 
Work must be a model in writing, lettering, 
spelling, and all the skill subjects I teach. I 
Want to develop good taste insofar as I un- 
derstand good taste. But I cannot and do 
Not reletter an entire poem if one letter 

lurs, or send for a new ream of paper if one 
Corner of the last sheet is torn. Neither do I 
ink Over carefully penciled letters; I start 
With ink or crayon or whatever medium I 
have chosen. I find a kit handy, so that tools 
o materials can be kept in order, apart 
AES the genéral classroom supplies. Mine 
S a cardboard box that contained a long- 
laded Scissors, a box of crayons, an alcohol 
PER. a ruler, some cut-out letters, thumb 
acks, Scotch tape, and a small, firm brush I 
specially prefer for lettering. The kind of 
apes that opens up flat cuts mounting time 
? almost nothing. 

eaching may be a “position,” but it is 
cm a mighty hard job. It is only natural to 
Ty to find ways to minimize effort with opti- 
Mum results, I have found using bulletin 
(cards one of those ways. If they were hard 
doi up and tedious to do, I know I wouldn't 
tdlpi But they aren't. They save hours of 
aues and add hours of teaching. And be- 
and * my ingenuity has been tapped again 
again, teaching has become more nearly 

€ creative experience it was meant to be. 


A 3-D bulletin board 


To achieve a 3-dimensional effect, try a peg- 
board display of toys or other realia in science. 
If pegboard is not within the school supply or 
teacher’s budget, heavy cardboard can be per- 
forated with an ice pick to do almost as well. 
Wire or tie objects in place. 


A ROCK HOUND'S TRAIL 


A young rock collector displayed his speci- 
mens most effectively on a map folded over 
bricks laid up in a series of steps. The rocks 
were placed near the map locales from which 
they came. One fourth grade teacher tied rock 
specimens to a vertical map with colored yarn. 
The children learned the geography as well as 
the geology of their state. 


DISPLAYS AND EXHIBITS 


A display may be anything from a few sea 
shells on a table to an elaborate exhibit in a 
glass case. The important thing is not the me- 
dium but the display. Generally it should be the 
child's work and appropriate to the current 
science unit. However, a wise teacher often 
makes room for irrelevant material because of 
its status value for the child who brought it. A 
real dust and space saver for exhibiting such of- 
ferings is a vertical display case such as an old 
bookcase. Have the children paint the shelves 
different colors in light shades (use rubber-base 
paints, for they dry in a short time and are fire- 
proof, odorless, and washable—the paint 
brushes can be washed out in warm water), one 
shelf for shells, one for bird nests, one for rocks, 
one for reference books on science, etc. Fasten 
cellophane sheets at the top to form windows 
that will protect the shelves from dust and still 
permit handling of the exhibits. Outline the ob- 
jects in place on the shelves so that the children 
will know where to replace them and so that 
they will notice whether anything is missing. 
Appoint a boy-girl team of your rapid learners 
as junior curators of your “Science Corner." In 
the beginning, work with them to establish high 
standards of arrangement and labeling of ma- 
terials. The writing of labels can be a valid and 
valuable group practice in language. Strive to 
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encourage observation and accuracy by asking 
for labels that tell where and when the object 
was found and that, if possible, give a tentative 
classification pending conclusive identification. 
Use a section of a marked highway map to pin- 
point the place of origin and add interest to 
the exhibit. 

Nearby set a piece of Cellotex or Bristol 
board in an old picture frame repainted in 
bright colors. This will make a neat frame of 
reference for science news and notices. 

Most children are collectors. A teacher's 
problem is not to get them to bring in materials 
for a science exhibit, but to help them select and 
organize their treasures. In East and West Coast 
Schools, for example, the usual autumn flood of 
sea shells from summer beachcombing can be 
overwhelming and useless from an educational 
viewpoint. Permit only perfect specimens or one 
of a kind in your exhibit. Use cardboard egg 
cartons to exhibit up to 12 small shells. The box 
cover is a good place for the labels. Or spread 
sand on one of your exhibit shelves. Fence up 
the "leading" edge of the shelf to prevent sand 
leakage and consequent custodial mutterings! 
The artists in your class might paint a diorama 
background of summer Sky. Someone might 
bring in a toy shovel and bucket to adorn your 
"beach." Your labels for the shells on your 
beach shelf might be toothpick flags stuck in 
the sand. 

Beware lest all your exhibits illustrate bio- 
logical science only. For example, have one 
youngster collect electric light bulbs which 
illustrate the history of lighting. Many school 


Systems have school service museums. State de- 
partments of education o 


have loan exhibits. Use sui 
late children to make thei 
than to serve as your s 
One teacher goes to the county museum every 
two weeks to borrow a stuffed bird or animal, 
an unusual shell or rock. This he exhibits with 
a slotted question box entitled “What is it?” 
stimulate research and discussion that oft 
are the most valuable by-products of the devi 
At the end of the week the class examines the 
children’s written answers and learns what the 
object really is. 

Living displays such as fish and turtles may 
need window space for health as well as visi- 


T conservation may 
ch material to stimu- 
r own exhibits, rather 
cience exhibit per se. 


to 
en 
ice. 
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bility. In any case, the owner and a responsible 
alternate should be appointed to give such ex- 
hibits the best of care. And it is much better to 
change exhibits too frequently than too seldom. 
The same old dusty rocks in the "Science Cor- 
ner" and half-dead plants in the window belie 
the living quality of interest which science should 
have for children. The spate of insects in glass 
jars which often follows the sea shells in chil- 
dren’s fall collections can very quickly become 
worthless. The insects can teach the children 
only as long as the children are interested in 
them, or a week or two at most; then the me 
sects should travel home or outdoors in plass 
rather than glass containers. For simple, E 
tical suggestions on the care of insects in you 
classroom, see Chapter 3. 


THE SCIENCE DISCOVERY TABLE 


Many classrooms today have a large pie 
table with multiple uses. When there is a n6 
to use it for science, a plastic cover ang 
the finish. Orange crates at the corners d a 
Provide storage space for simple science paa 
ment. A slightly remodeled cafeteria cart nite 
afford storage space below and work or a 
stration space on top, all on four wheels. the 
again linoleum or a similar protection r5 in- 
top will prove of value. Small items, ai 
stance, electric plugs, switches, doorbells, 
tend to disappear unless they are fastene rei 
stiff, heavy cardboard which can be ng 
vertically until occasion for their use arises: 


WATER AND HEAT 


<hibits 
Now you have a place for science jane 
and science experiments, but you are pr? allo” 
hampered by a lack of running water. A g arty 
tin or a bucket of measured capacity vil et. 
water from the mop closet sink and also k b- 
for investigations in volume arithmete. 
ber tubing from the drugstore will provid rates 
ning water at the same time that it illust 

air pressure at work in siphoning. 

Still your classroom has no gas outlet 
those in your high school or college penne 
Oratory. A can of Sterno or even a clus light 
candles provides considerable heat, if not 


e run 


S like 


ADAPTING THE CLASSROOM TO SCIENCE TEACHING 


Even better is an electric hot plate to plug into 
the nearest wall outlet. Perhaps you teach in 
an old building with the nearest current outlet 
an overhead chandelier. Someday after school 
when the custodian is working in the room and 
can keep a watchful eye on proceedings, let 
Some sixth grade or junior high school boys 
make a plug connection for you. This is a matter 
of good interschool relations as well as one of 
poem value to you in your science work. 
E 9u can use the double wire from the ceiling 
Ixture or the two-pronged wall outlet for elec- 
tric current to illustrate electric circuits—an 
put wire and an output wire. 
ms Miis is no cooking gas in the school, you 
tis ves of the small portable gas burners 
ipis T own supply of gas. However, 
alo mi iar equipment, such as a Bunsen 
dims ^d may distract and confuse young chil- 
m the real purpose of your experiments. 
indonesia this difficulty by casually 
aie Pag such equipment some days ahead 
ena me you propose to use it. Let the chil- 
amine it and ask questions. 
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ae may introduce new materials and 
additions Dia the classroom which may place 
n fino burdens on our friend the custodian. 
shedul schools he works on a very tight 
erally RT minutes per room, with gen- 
€ child e iluvian cleaning equipment. Enlist 
ing or arri s ideas and responsibility in think- 
Banized sa? E keep science materials well or- 
nd “shipshape.” 
ater at teachers store materials for related 
Magnets investigation in shoeboxes—one for 
Scientific one for flight, one for insects, etc. One 
lab tabl süpply house markets a mobile science 
4 cafete T It is about the size and shape of 
with Mast cart. The inner cupboards are filled 
erent Te hydrator boxes, each holding a dif- 
nd of equipment. 
You have the luxury of a sink in the 
> Tequisition, if possible, a rack of dowel 
a be de d at about a 45° angle. Hung 
€ sink, such a rack permits the drying 


and 

Stc " 

Wa Prage of glassware as soon as it has been 
Shed clean, 


Com 
Tods 


Some schools have central storage closets. 
Such a closet is described as follows:* 


Many new science materials were being 
ordered for our school, and we needed a 
place to put them. We wanted to display 
them so that teachers could readily see what 
was available. We wanted a check-out system 
that would be easy and not too time-con- 
suming. We needed an orderly arrangement 
so that materials could be replaced with a 
minimum of upkeep for the persons in charge. 
The following plan had worked in other 
schools, and so we decided to try it. 

Just off the office is a supply room. The 
ditto machine is kept there, and many teach- 
ers use the room. Above the machine are 
shelves which hold the science books. They 
are arranged to correspond to the sections of 
the science guide in the district, as follows: 


Living Things—Plants 

Living Things—Animals 

Conservation 

The Earth 

Beyond the Earth 

Our Atmosphere—Weather and Climate 
Matter and Energy 

General Books on Science 


As the teacher takes a book, she signs the 
card and drops it in a file box, replacing the 
card and book when she is through with it. 
The file box lists all the books arranged 
alphabetically by topic. 

Next to the ditto machine are many 
shelves which hold the science materials. 
Different types of materials are placed to- 
gether. Materials for measuring will be on 
one shelf. Another shelf has all the electrical 
materials. Another has tools, etc. 

Each object is marked with nail polish. If 
misplaced, it is easy to know where it be- 
longs. On the front of the shelf there is a 
label for each object. It can be replaced in 
the right spot. At the side of each label is a 
hook with a string tag. This is also labeled. 
When the teacher takes a piece of equip- 
ment, she also removes the string tag with 
the name on it. This she hangs on a board 
by her name. When the equipment is re- 
turned, it and its tag are replaced on the 
proper shelf. If someone needs a piece of 


: Marjorie Pursell, Oak Grove School, La Canada, 


California. 
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equipment that is not on the shelf, it is easy 
to check the board to see who has it. 


Partial list of science materials: 


Electric hot plate Magnifying glasses 


Teakettle Microscope 

Sauce pans Plastic container— 
Cake pans to hold water 
Cookie sheet Corks 

Pie tins 


Sponges—real 


Batteries—many Pipe cleaners 


Wire 


Balloons 
Sockets—many Rubber bands 
Switches—many Tools 
Light bulbs—many Haier 
Thermometer—F, Saw 
C, candy Screwdrivers 
Scales—spring, Tin snips 
balance Square 
Tape measure Paring knife 
Measuring cups— Marbles 
various sizes 
Measuring/spootis Toys to show 
a 5 Wheels 
various sizes Gears 
Compass Springs 
Magnets—horseshoe, Egg beater 
bar—several Scrap materials 
Lamp chimneys Spools 
Flasks Mailing tubes 
Beakers Wire 
Rubber stoppers— Candles 
with and without Vinegar 
holes Soda 
Glass tubes Limewater 
Soda straws Food coloring 
Bunsen burner— Salt 
alcohol Sugar 
Prisms 


In other schools one teacher and one class 
are designated the science distribution center 
for the school. The duties involved are often 
challenging to the children who learn and 
finish other work readily. 

One school which was so fortunate as to have 
an elementary science specialist’ had a room to 
which children could come for individual activ- 
ities. The following description was contrib- 
uted by a nonteaching observer: 


The children sit at tables in the lab. The 
teacher has earlier listed on the blackboard 
the activities from certain cards (1-11) in 
her card file, leaving space for names under 
each entry. First she asks the children whether 


they wish to add any other activities to the 
list. Sometimes they do, and sometimes they 
do not. Then she asks who wishes to do what. 
Some activities, of course, are limited to a 
certain number of children. As each child in- 
dicates his choice, she writes his name under 
the particular heading on the board. poo 
she assigns tables for work. Before the WOES 
begins, the teacher invites questions erui 0 
ing anything that the children do not un e 
stand. When their questions have or 
answered, the children go to work. —€—— 
know where the supplies are kept, and t = 
obtain them before working and put the! 
away afterward. 


1. Telephone demonstrates vibration. oe 
tin cans are attached by a string thane 
their bottoms. The string, stretched tig of 
carries the sound. One child talks into o lle 
the cans, while the other child holds im 
other can to his ear. This experiment is MO 
effectively carried out in a big room. «peri- 

2. Candles are used in the oxygen A 
ment. The children light the candles © fin 
stand them in jar tops (some melted p "» 
is allowed to drip into the tops to hol are 
candles steady). Then different-size JE RE 
inverted over the candles to see how kept 
they will burn. Small jars of sand are 
handy to put out matches. sati 

3. Crystals are made on cotton aene i 
Petri dishes. Ferrous sulfate or a similar 
is dissolved in hot water and stirred. 
dishes are covered with Scotch tape to 
are allowed to stand longer than others 
lustrate crystal formation. favorite 

^. Ball and fire experiment is the: 44 pan 
with elementary children. It requires 2 im- 
of cold water, a large bath thermometer an 
mersed in the water, a Bunsen burner; The 
a rod of metal on a wooden peed er 
metal is heated and then put into the 

he water temperature rises. 

5. Electricity is used to make doorbe an 
Several medium-size batteries, wires» tici- 
bells are needed. Six children may PA! 
pate in this rather noisy experiment. T 

6. Air and water pressure are demons i 
with a bottle of colored water fitted W one 
two-hole stopper. A hose is attached E into 
hole of the stopper. When a child blow hole- 
the hose, water comes out the other 


me 
il- 


Ils gue 
ated 
isor» 


; T 
* Anna Greve, Elementary Science Fd 
Bronxville Public Schools, Bronxville, N.Y- 
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This experiment is rather messy and very 
popular. 

7. Builder magnets are pieces of magnetized 
metal that can be put together to make 
things. They are available in all sizes and 
shapes. 

8. Fishing with magnets catches cutouts of 
fish with paper clips or bits of metal at- 
tached. The fish are dropped into a large jar. 
Children fish with magnets on the ends of 
strings, 


9. Magnetic bulletin board holds papers by. 
means of magnetized clips or bars. 

10. Sound experiment involves the use of 
tuning forks in simple demonstrations so that 
the children can see,'feel, and hear sound vi- 
brations. 

11. Light experiment uses blueprint paper. 
The children take the paper outside or to the 
window and make prints of leaves, magnetic 
fields, etc. 
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Conservation through science 


and social studies 


Do you teach social studies? Do the objec- 
tives of your social studies curriculum include 
a study of the child’s physical and cultural en- 
vironment? To accomplish this objective, do you 
not directly or indirectly draw upon the findings 
and applications of science which have made an 
enormous difference in the standard of living? If 
you could think of conservation as a bridge be- 
tween science and social studies, you might use 
conservation activities as a way of streamlining 
your program by integrating science and social 
studies. Of course, not all aspects of these sub- 
jects can or should be integrated, but it will 
make for time saving to integrate whenever 
feasible. The symbiotic relationship of science 
and conservation is illustrated by the dual table 
of contents for a recent book, Teaching Science 
Through Conservation, by Paul F. Brandwein and 
Martha E. Munzer, McGraw-Hill, 1960. The 


first lists the contents according to interrela- 
tionships: e.g., 


Part 2—Conservation as a Study of Interre- 


lationships Between Living Things 
and Their Environment 


Part 3—Conservation as a Study of Interre- 


lationships Between Matter and 
Energy 


Part 4—Conservation as a Study of Future 
Resources 


The second lists the contents according to sub- 
ject areas: e.g., 


Biology, General Science, and Conservation 
Chemistry, General Science, and Conserva- 
tion 

Physics, General Science, and Conservation 
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+ ally known 
In the opinion of one nationally 


writer:! 


. vesents 

Certainly conservation education ener 
an excellent vehicle for science Saal 
education. It must depend to a const hysical 
extent on both the natural and me dia im- 
Sciences, and must be concerned Mort who 
provement of the habits of human dh they 
use or abuse the environment 1n Eie world 
about us and of worthy members! 
society of which we are a part. 5 
the principles and facts of pug rdi 
doing much to modify human beha an be- 
the social sciences we can modify hum 


ule 

ren ; h kno" 

havior without the necessity of mn have 4 
: yeve 

edge of science. We cannot, however; involv 


s ji tr 
sound conservation program withou 
ing these two. 


THREE CATEGORIES OF RESOURCES a 
ing as 

In order to use conservation wae 

that 


ricu 
in which the majority of books and mt i 
treat the subject. Most people think S ble ve" 
about conservation as it applies to se an 
Sources, such as soil, water, animal be i 
plant life. This approach is seater eodore 
we remember that sixty years ago Lh > term 
Roosevelt and Gifford Pinchot applied the tely 
conservation to the movement which fortuna 


Gorell 


i m 
! E. Laurence Palmer, As / Have Anown vol. 


: : aflet. 
Nature Program, Cornell Rural School Leatic 
46, No. 1, Fall, 1952, p. 27. 
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led to the establishment of our National For- 
ests; National Parks, wildlife refuges, and the 
like. We can build soil, however slowly; we can 
re-cycle water; we can preserve our wildlife and 
keep our forests green. But every day we use 
and discard tin cans (metals) that contained 
food. Every day we eat food that contains min- 
erals from the soil. For example, 30 bushels of 
potatoes take from the soil about 6 pounds of 
nitrogen, 2.7 pounds of phosphorus, and 9 
T potash; about 120 pounds of a 5-10- 
" izer must be added to replace this loss of 
mn elements. Every day we depend on 
ar ae such as oil and coal ior heat, light, 
fossi] | begins ES Metals, minerals, and 
pits diea term nonrenewable resources be- 
For etna 7 not yet know how to create them. 
cöpper R M we do not know how to create 
nine a pasts only how to prospect for it, 
lise IA ^ process it. Ir you have the children 
they in ew of the things everyone uses daily, 
E PA Er see how heavily a modern in- 
aa e e depends upon nonrenewable 
erals? i i Psi How We Can Save Our Min- 
Catherin he Big City Book of Conservation by 
If the dos Urell and others, Follett, 1956. 
things im ren look about them and name those 
proved Agee by science and those not im- 
the EA science, they will immediately sec 
Studies ection between science and social 
deed group of resources within our en- 
Sources mi of the people, the human re- 
Primar, € community helpers we study in 
grow [5 oie the farmer who knows how to 
hows ho rom the soil, the carpenter who 
who n. to build homes, the factory worker 
tist who T stoves and automobiles, the scien- 
city and iscovers alternatives for copper. the 
there is county planners who see to it that 
issue ME ra for schools and parks when they 
he lit uding permits, say, for housing tracts. 
à mod is endless and enlightening in terms of 
ty ern view of conservation education. See 
lo aa agi Resources," Part II, in Things 
augh z cience and Conservation by Byron Ash- 
nd Muriel Beuschlein, Interstate, 1960. 
enia T now be thinking that conservation 
With n S everything; it is an umbrella-type idea 
fiai, o solid content or confines. If we go back 
€ true derivation of conservation, WE will find 


that Webster says it comes from the Latin prefix 
con, meaning “together” or “with,” joined to the 
Latin verb servare, meaning “to guard, take care 
of, preserve.” Interpreted strictly, the term im- 
plies an ethic, an attitude of responsible citizen- 
ship which most teachers attempt to teach daily, 
as, for example, the care and wise use (not just 
saving) of personal and school property, of time 

and of space within the classroom or on the 
playground. In order to develop the conserva- 
tion attitude or ethic, we need to arrange for 
very practical activities to help children under- 
stand all three categories of resources. 

Since the majority of children attend ele- 
mentary schools in areas the census bureau 
classifies as metropolitan," we are especially 
concerned to point out ways of “Using the Na- 
tural Environment of the City as a Curricu- 
lum Resource."* 


AROUND THE SCHOOL 


Foundation Stone of the School Building 
Natural Stone in Building 

The School Yard 

Drain Pipes 

Sidewalks 

Between the Sidewalk and the Curb 
Gutters 

Curbstones 

Street Covers 

Street Trees 

Hedges 

Lawns 


IN THE NEIGHBORHOOD 


Flood Areas 

Hills 

Plains 

Vacant Lots 

Rocks 

Excavations 

Soil Exposed by Road Cuts 
Nature Trail 

Coal Yards 

Lumber Yards 
Mason Supply Yards 
Garden Nurseries 
Monument Works 
Railroads 


? Operation New York: Using the Natural Environment of 
the City as a Curriculum Resource, Board of Education 
of the City of New York, Bureau of Curriculem Re- 
search, 1960, p. 3. 
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LAND AS SPACE 


Among the conservation education possibili- 
ties nearest you—ones you doubtless utilize 
daily without thinking of them as conservation 
— isconservation of space, almost always a criti- 
cal problem in the average classroom. You ex- 
hibit and store materials vertically whenever 
possible. You work with the children to develop 
traffic flow patterns, even with the aid of mask- 
ing-tape arrows on the floor. You use window 
sills for display and growing space. In short, 
you utilize every inch of the room from floor to 
ceiling for every teaching potential you can 
think of. Is this not in miniature a kind of area 
planning for multiple use? Have you tried 
planning and replanning the area with the 
children, using a simple floor plan, say, on large 
graph paper? You may wish to check the build- 
ing blueprint in the principal's office for archi- 
tectural symbols to denote windows, doors, elec- 
tric outlets, heat, water pipes, and the like. Ex- 
tend the same activity, after checking with the 
principal, to the school grounds; make a mas- 
ter plan of the area. If a city park is within 
walking distance, attempt the same survey 
there of what is and what could be. If it is not 
convenient for the entire class to participate in 
this activity, perhaps a local Girl and/or Boy 
Scout Troop could undertake the project and 
report back. Make a rough count of parks and 
other recreation areas in the community. Make 
à survey of vacant lots in the community. Com- 
pare your survey with maps prepared at the 
municipal or town hall for tax rolls, O 
was encouraged to report its findin 
local Board of Supervisors. The o 
came so interested in the intelligen 
the young citizens that they took o 
vation easements” on certain parcel: 
tional development. 


ne group 
gs to the 
fficials be- 
t efforts of 
ut “conser- 
5 for recrea- 
We must not become so 
accustomed to thinking of land only in terms 
of its agricultural use that we forget it has ever- 
intensified value as space for homes, sh 


i ops, and 
service stations. 


Models 


Mapping and consideration of wise use for 
the schoolroom, school grounds, or 
munity areas might lead into model b 
(perhaps of a community with all wires 
ground). Primary grade social 


com- 
uilding 
under- 
studies units 
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often produce a map or mural or model of -he 
local community. Some grades use a sandbox 
base; others, a cardboard box diorama. The 
medium and method are immaterial as long as 
the children are led to observe and consider 
possibilities for "Tomorrow's World. = 
"Space" in Things to Do in Science and Consert 
tion. 

A fifth grade elementary science text has a 
final unit entitled “We Live and Work " 
gether.” There are sections on planning Sey 
animals which encompass pictures and stai : 
related to wildlife management and conserva 
tion. The last.two pages touch on city planning 
in a section called "People Are Planners. 


LAND AS SOIL 


. r be a 
Use of land for growing things can also cw 
. i u 
meaningful study whether we teach follows? 
or rural schools. One writer reports as fo 


As chance would have it, a visit of ie 
school in a small Eastern city found Moe s 
giving a lesson on soil conservation. major 
dents in his class seemed to know e intel- 
principles involved in the wise usen d, the 
ligent development of soil, and, am these 
lesson seemed to be good evidence tha serva- 
students had made the tools of soil com rob- 
tion part of their stock in meeting life sloping 
lems. After lunch, we went out on the $ m the 
lawns, and there a few feet away arn a 
classroom were several gullies; Spass o 
good deposit of soil in the cement gu short, 
the street; there was every evidence, In class- 
that soil conservation was a part e aes o 
work but was not operative in the 

the students, 

fa play 
d out 
utter 


Signs of erosion around the roots © 
ground tree, soil from the lawn washe 
along the sidewalk, and sediment in the S nile 
of a city street all are evidence of the co iro 
ous weathering and change in our © large 
ment. All are miniature examples of me help 
scale shifting of earth materials and C! 


along 
children understand why people ae chil- 
fertile valleys for crops and trade. Let 

schools: 


iyban 
‘Paul F. Brandwein, Conservation in l en ferene 
excerpt from collected papers, Purdue & 1952. PP’ 
Resource Conservation Education, Sept! 16. 
54-57. 
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dren sprout seeds in small samples of soil col- 
lected from gutters, sidewalks, etc. Compare 
with seed germination from subsoil from a 
nearby excavation or road cut. 


Natural areas for schools 


Some schools are so fortunate as to have 
Property not entirely covered with buildings or 
blacktop. One school developed a nature trail 
and a miniature park area as follows:* 


One school district has recently initiated a 
Project designed to provide outdoor science 
and conservation activities for the entire 
school population of 250 boys and girls in 
kindergarten through eighth grade. The proj- 
ect is a nature trail on school district 
Property... . 

The district superintendent felt that good 
use could and should be made of this terrain. 
He called in to discuss possible projects the 
eighth grade teacher, a local naturalist (who 
resides in Carmel), and the science consultant 
from the Office of the County Superintendent 
of Schools. . . . 

The naturalist and the science consultant 
Surveyed the area and after much explora- 
tion finally decided on a route to follow. 

Coden stakes were then placed approxi- 
mately twenty feet apart so student construc- 
tion workers could see the line to follow. The 
Path took a more or less winding pattern so 
as to come in close contact with the greatest 
number of interesting things. 

The eighth grade students then borrowed 
shovels and during recesses and lunch hours 
Proceeded to “dig” their way along the trail. 
Large logs, brush, and poison oak were re- 
qvod by the custodian. At steep spots the 

udents terraced the inclines with steps and, 
to avoid washouts, blocked the face of the 
Steps with wood. Many parents were sur- 
Prised to find that the students considered 

18 work experience as fun. 

T he County Office had on file a number 
Of written sources dealing with nature trails. 
Tus in particular, “How to Build a Nature 
Sant. published by the National Audubon 
Butler? proved to be the guiding light. This 

tin pointed out ways to get the most out 
9f a nature trail, pictured examples of trail 
Markers, and offered other helpful hints. 


*Edwi 
dwin Leach, “K-8 Children Build a Nature 


Lr 
o ^d for School Use," California Journal of Elementary 
tion, Vol. 29, No. 2, Nov., 1960, pp. 92 ff. 
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The naturalist took over here and with his 
expert knowledge oflocal flora and fauna tem- 
porarily labeled many of the amazing and 
hard-to-recognize plants. Educationally, it 
was felt that many things should be left un- 
marked and allowed to stir the imagination 
and curiosity of those who were to eventually 
use the trail. Students should have opportuni- 
ties to make discoveries of their own. 

From then on it was up to the students to 
finish the job. The pupils divided the plants 
and birds to be investigated equally among 
themselves. With all available resources, in- 
cluding library books, encyclopedias, and 
particularly the actual specimens, they 
sought out information concerning the plants 
and birds for which they were responsible. 
For plants, they listed such things as leaf pat- 
terns and whether such were deciduous or 
evergreen. In some cases the students found 
narratives concerning uses made of the plants 
by the Indians or pioneers. For birds, such 
data as habitat and behavior were recorded. 
Songs were also noted. 

It was agreed that the information that 
was to appear on 8-inch by 10-inch red- 
wood plaques should include the common 
name, scientific name, pertinent statements 
about the specimen, and, if possible, one or 
two provocative questions that would require 
the reader to think, to look, to touch (except 
poison oak), to smell (except poison oak), in 
order to answer the questions. It was felt that 
the written material on the plaques would be 
informative, but that the questions would 
probably do more to stimulate the thinking 
processes. ... 

The plaques are now in place and the trail 
is open. One of the first groups to take to the 
hundred-and-fifty-yard lower trail was the 
kindergarten class. They cannot read the 
signs but enjoy hearing their teacher describe 
what the signs say. Many of the questions 
are not too difficult to answer even for five- 
year-olds. When the teacher takes her class 
for their frequent walks to see the seasonal 
changes or the first flowers of spring, they 
can now share a real trail built by the “big 
kids down the corridor." 

The teachers are finding the trail a good 
in-service training device. New teachers, in 
particular, who are not familiar with the 
area’s natural features can use the labeled in- 
formation to develop background informa- 
tion. The teacher need not feel insecure be- 
cause he does not know enough about nature 
to teach it. The trail is his instructional aid. 
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The interest of the community in the proj- 
ect has been satisfying. The local Garden 
Club, for example, is augmenting the trail by 
donating trees and shrubs native to the 
County. 

The trail is not totally complete yet; per- 
haps it never will be. Maintenance will al- 
ways be necessary; there will be occasional 
revisions and changes of information on the 
plaques; and an upper trail route will be 
completed in 1960, bringing the total trail 
length to approximately five hundred yards. 
Mammals, reptiles, amphibians, geology, and 
other subjects will be given equal attention. 
In the meantime, we can expect the students 
to gain a deeper appreciation of the type of 
community in which they live. The science 
curriculum throughout the entire school 
should be enriched, and it is hoped that this 
introduction to the local natural resources 
will result in the development of more con- 
servation-minded citizens for the future. We 

would like to expect at least this, and per- 
haps more. 

Louis Agassiz, the great 19th century 
Swiss-born American naturalist, once said, 
“Study nature—not books.” Reading mate- 
rial is more numerous and accessible than it 
was then, so we would like to alter Louis 
Agassiz’ words just a little to read, “Study 
nature—then books.” We now have a state- 
ment that comes very near to describing the 
intent of the Washington Union Elementary 
School Nature Trail. 


Land-use maps 


Recently we visited a classroom and noted a 
charming water color in shades of green that 
changed the perspective from a meadow fore- 
ground to intermediate slopes and on to the 
top of a hill capped with trees. The teacher 
saw it as an art lesson. We saw it as an ex- 
ample of land classification, the lower lands for 
crops and the upper lands for restricted grazing. 


Reading the landscape 


Some of you were introduced as children to 
R. L. Stevenson’s Child’s Garden of Verses. If 
you remember “The Land of Counterpane,” 
the poem about the sick child playing with toy 
soldiers, you may come to the idea that the 
world in microcosm lies around you. You can 
see land forms in miniature in most school 
yards and home yards, just as you see moun- 
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tains and cities in miniature from a plane win- 
dow.* You have to train your eyes to this new 
method of “primary” reading, of reading ob- 
jects rather than their symbols. Even a slight 
effort to develop this kind of perception pays 
dividends in revealing a whole array of teach- 
ing aids and resources at your back door and 
under your feet. The Cornell Rural School 
Leaflets provide a wealth of suggestions for you 
even if you have little or no background in scl- 
ence. A recently published book’ will illumi- 
nate you while it charms you. Its chapter en- 
titled “Readin, Ritin, and Recess, or Tree 
Rings in a Country Schoolyard” may be of 
especial interest. 


HUMAN RESOURCES 


In all conservation activities, the key is the 
human resource, the person or persons, both 
producers and consumers, without whom a 
resource is not a resource. For example, tac 
onite lay untouched in the cull heaps of the 
Mesabi iron mines until metallurgists found 
a method whereby it could be treated to produc? 
a useful iron ore. The engineers and business- 
men who made use of this scientific knowledge 
were human resources. The plastic goods me 
fill our stores we likewise owe to the genius ° 
our chemists and engineers. These are illustra- 
tions of what might be termed our “new and "s 
be-discovered resources; those depending 0? [ n 
brains and skills of specially trained people f° 
discovery and development.” P irls 

A recent publication for the Camp Fire an 
contains 21 specific suggestions for the br v 
of human resources. Some are reprinted mS 
by permission,’ 


What do people do? 

Purpose: To show that people are re 
because they can give service; that 
rely on each other for service. 

Site: Your home. do 
Procedure: Think of one thing that you 
on an ordinary day. Write it dow? ae P 
* "The Interpretation of Air Photographs ph 
E. James and C. F. Jones, eds, American C877" 

Syracuse Univ, Press, 1954. 

“May Theilgaard Watts, Reading the 
Macmillan, 1957. 

p: 64-66. 


* Conservation, Camp Fire Girls, 1959, pi 


sources 
people 


Landscap^ 
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piece of paper. Opposite it write down all 
the occupations of the people that made it 
possible for you to do whatever activity you 
choose. Even if you are just sitting in a chair 
reading, your list would be very long. For 
example: (1) Who made the house the chair 
is in? (2) Who got the materials the house is 
made of? (3) Who made the chair? (4) Who 
sold the family the chair? (5) How did the 
chair get from the factory to the store and 
then to your house? (6) Who built the truck 
or car to transport the chair? (7) Who took 
care of the money that the chair cost? (8) 
Who printed what you are reading? (9) Who 
made the letters and ink that were used 
to print it? (10) Who wrote it?...and on 
and on. Everyone is important because 
everyone has a job to do. If even the smallest 
Jobs weren’t done, you might not have the 
Pencil and paper to start this activity. 
Your town needs natural resources 
Purpose: To investigate one phase of your 
town’s dependence on natural resources. 
Site: Shipping docks. (This could also be 
adapted for railroad yards or trucking de- 
Pots.) 
" Procedure: Visit the loading and unloading 
— on river, lake, and ocean. Take pic- 
Paes of the kinds of raw materials and 
nished products that are being imported 
ae exported. Use photographs to illustrate 
Xhibit on the importance of raw materials to 
your city's or town's economy or to show 
Ow people in one area depend on the re- 
Sources of another area. 
Places to play 
m Purpose: To see if the people in your com- 
unity all have a chance to be healthy and 
aPpy through good outdoor recreation. 
Site: Your community. 
fa Procedure: Think of your family or the 
é mily next door. Is there a park where you 
an walk with your grandparents or sitina 
Pretty place and chat? Is there a place where 
Man and Dad can play golf or tennis or 
ta atever they like to do? Do you have a tree 
: Climb, a place to wade or see water, à 
acant lot for a game of Red Rover? Make a 
n the things you and your family enjoy 
of b Opposite each thing indicate the number 
locks you must travel to do them. 
E there schools in your town that are 
of d pretty as yours? Do the children in any 
m € schools not have a place to play? They 
obably like to do the same things you do. 
ake a list and try to find out how many 


blocks they must go to do what they like to 
do. Do you think their parents would let 
them go very far? Where do the children play 
who live downtown in a big city? Would you 
like to play in these places? If not, why not? 
What kinds of places do children in the 
country have to play in? Do you think they 
have enough people to play with? Do you 
ever get to meet any of the people who live 
in the country? 

A better yard 

Purpose: To get the wisest and fullest bene- 
fits from your yard. 

Site: Your yard. 

Procedure: Plan your yard space for greater 
beauty, enjoyment, and use. Draw a map of 
the yard and put in improvements such as 
new planting, transplantings to provide a 
larger space for games, etc., and to insure at- 
tractive views from house windows. Choose 
shrubs and other plants that will beautify 
the yard as well as attract beneficial insects 
and birds by their flowers, fruits, or the kind 
of cover they provide. Look for ways of cam- 
ouflaging garbage cans and increasing 
privacy. You may wish to put in a screen 
planting and start a compost heap behind it. 
Look for areas of poor drainage or erosion 
that might be improved by simple fills or 
breaking up of compacted surface soil. You 
may wish to have a nearby agricultural ex- 
periment station or university analyze your 
soil and make suggestions for improving its 
texture and nutrient content. 


The picture story for children, The Big City 
Book of Conservation, tells with text and photos 
about many relatives and friends of the chil- 
dren whose daily work is “Protecting Our 


City.” 


Conservation at home 


Training in the conservation ethic or atti- 
tude of responsible citizenship begins at home 
with the child’s first teachers, his parents. For 
valuable suggestions, with text and pictures for 
reading aloud, see “Conservation Begins at 
Home” in The Big City Book of Conservation. Two 
other sources for parents whose children may 
be human resources in science rather than so- 
cial science are Marianne Besser, Growing Up 
with Science, McGraw-Hill, 1960, and Albertina 
Weinlander, Your Child in a Scientific World, 
Doubleday, 1959. 
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Conservation at school 


A primary grade curriculum bulletin for a 
large city school system lists the following sug- 
gestions for Practicing the wise use of re- 
Sources:* 


CLOTHING 

Use name labels to insure return. 

Polish to preserve leather. 

Wear rubbers to protect shoes from rain. 

Put on aprons to protect clothing when 
painting or cooking. 

TOYS 


Handle toys carefully. 

Play properly with toys. 

Store toys in suitable places. 

Repair toys as needed. 

TOOLS, EQUIPMENT, AND FURNITURE 

Handle tools and school equipment correctly. 

Cut appropriate materials with scissors blades. 

Place protective Covering over some work 
areas, 

Use slides and climbing bars carefully. 

Care for tools immediately after use. 

Move furniture properly. 

PAPER 

Use one paper towel completely, 

Think before writing or drawing. 

Utilize mistakes in drawing to add something 
Interesting to a picture, 


Cross out a writing mistake with one line 
and continue. 


Save the unused part of a pa 
FOOD 


Take less foods not cared for, 

Balance foods eaten at a meal. 

Use left-over foods in combinations. 
Give suitable left-over foods to animals. 
WATER 


Drink properly from drinking fountains with- 
Out wasting water. 

Wash a glass someone has use 
it again. 
Drink water from a reliable source; avoid 
drinking water from springs or streams, 
Swim in water that is not polluted; swim in 
safe areas. 

Observe rainfall and water run-off; see the 
effects of floods and man’s efforts to con- 
trol water. 


Per for later use, 


d, before using 


` Some Suggestions for Practicing the Wise Use of Re- 
urces on the Primary School Level, Curriculum Bulletin 
)0, Cincinnati Public Schools, Cincinnati, O., 1957, 


TIME 

Plan work and use of time carefully. . 

Gather necessary materials in as few trips to 
Source as possible. 

Work at a reasonable rate. d 

Facilitate cleaning-up by storing tools am 
materials so they are easily accessible. Pre- 
planning for this is necessary. Such storage 
also speeds up work preparations. 

ENERGY f 

Prevent muscle strain by using furniture o! 
correct siz 

Play hard in gym and play areas. E 

Plan loads so that two trips might save drain 
on energv. 

Lift load by bending knees; learn to recog- 
nize one’s limit of load. N 

Prevent eye-strain by working in good light. 

SOIL 


Observe soil erosion. : 

Collect water from a puddle after a - 
and let it stand to settle; observe the sedi 
ment. 

Observe soil in the air in a dust storm. T" 

Test soils for plant foods by growing plan 
and adding or deleting foods. DE 

Observe the action of earthworms in so! hat 

Observe air in the soil by adding water KEA 
has been in the room to the soil in a € 
and note results, “1. sand 

Grow plants in different kinds of soil; sand 
clay, humus, and the like. tour 

Visit areas or find pictures showing con 
plowing and strip farming. 

ANIMALS 


r 
Learn how farmers provide homes and nil 
Protection for animals. d 
Provide food for wildlife in bad ue 

Review health and safety rules to pro 

human life. rva- 
Learn about care of birds through pes 5; 
tion during mating and nesting qo 
Visit a bird Sanctuary; find SIUE p 
where birds rest during migration. fish- 
Visit local fish hatcheries; learn about 

ing laws and licenses. t dif- 
Learn to balance an aquarium; find ETE 

ference between kinds of fish (chayac 

tics of some tropical fish). pern- 
Write to find out what the national Brees: 

ment is doing to protect natural er ell [ 
Collect pictures of national parks and 

visits to these places. ies deal 
Try to find out if any local agencies " 

With conservation of natural resource 
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PLANTS 

Learn to identify some wildflowers of the 
area; find out which can be picked in 
abundance. 

Learn how to gather flowers. 

Obtain permission to plant trees or shrubs in 
eroded areas of the school grounds. 


A social studies curriculum for the third grade 
Suggests observing and reporting on some good 
Conservation practices, such as: 


1. The construction of retaining walls, storm 
Sewers, drainage ditches. 

2. The protection of wildlife in Aquatic 
Park. a 

3. The care of trees, shrubs, and flowers in 

the parks. 

- The care of trees along the streets. 

The use of benches at bus and train stops. 

The use of paper towels in public rest 

rooms. 


Dow 


Tt has been the opinion of many outstanding 
educators that the study of conservation prac- 
tices was more appropriate to upper elementary 
8rades than to primary grades. They have con- 
Sidered conservation concepts too advanced for 
Primary pupils, even though they have recog- 
nized that many of the experiences designed for 
Young children help to prepare them for a bet- 
ter understanding of conservation. Our com- 
Ment follows: i 


This might be so, if one thinks of conser- 
radon as a group of facts or information— 
9r instance, about soil erosion. Except in 
rare instances, however, metropolitan chil- 
dren do not frequently see examples of the 
need for the conservation of trees, soil, or 
wildlife. 

A baby starts to learn about life from his 
environment, an environment which is set up 
Primarily to conserve him. One of the first 
and most difficult lessons he learns is due re- 

Bard for the objects in this environment— 
What is touchable and what is not. . 
he preschool child must learn some sim- 
Ple responsibilities and consideration for 
B in his home environment. The pri- 
Ty teacher attempts to continue and ex- 


Sep ial Studies — Grades 1 Through 4, Berkeley Unified 
Wool District, Berkeley, Calif., Sept., 1954, P 28. 
Teaches M. Houck and E. Hone, “Conservation,” Grade 
sacher, Nov., 1957, pp. 26, 104. Reprinted from Grade 

ther magazine by permission of the publishers. 


tend this education in responsibility for one’s 
environment. In school, the child must learn 
to take care of what belongs to the group as 
well as what belongs to him or his family. The 
teacher shows children the reasons for and 
advantages of such habits as hanging up 
coats, bringing in play equipment, putting 
away smocks after painting, and so forth. At 
every opportunity the teacher tries to take 
time to explain or even to demonstrate why 
we write on paper or the chalkboard instead 
of on tables or walls, or why we spread news- 
papers before doing any painting. 

If a chair becomes loose because we have 
tipped back in it too much, our friend the 
custodian comes and tells us exactly how he 
might fix it, how much time it will take, and 
how much it will cost in labor or materials. 
(We have, of course, consulted with him be- 
forehand as to how this might be explained 
within the comprehension of our group of 
children.) In other words, we are trying to 
help our children learn to appreciate and 
take care of the resources in their environ- 
ment. We want them to learn an attitude, a 
way of behaving, which will, as they grow 
older, identify them as conservation-minded 
citizens. 


BEGIN WHERE THEY ARE 

For example, in construction, children can 
learn to use only the wood necessary for the 
ship or truck they want to build. They can 
learn to use leftover pieces when possible, or 
to cut wood from the end rather than from 
the middle of a board. They learn how to 
use tools and to take care of them. They 
learn to use the right tool for the job to 
avoid damage or destruction of tools. Perhaps 
we may visit a friendly hardware merchant 
who will tell us about the prices of some of 
our tools, where they come from, and how 
many people are involved in the making of, 
say, a hammer. 

Even through art, children can learn to be 
conservationists. For example, they can learn 
to mix paints so as to avoid wasting both 
time and paint. They can try to think of ways 
of keeping leftover paint from becoming dry 
and useless. They learn how much paint to 
use at each stroke, in order to make better 
pictures and have more paint. They learn 
how to hold their brushes, how to clean and 
store them. At the same time they learn wise, 
not wasteful, use of painting paper. 

We teachers take time, day after Jay, at 
playtime to illustrate and explain the proper 
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use of blocks, building boards, jungle gym, 
sand equipment, and mechanical toys. We 
encourage reporting of small breakages be- 
fore they get to be big ones. We consult, as a 
group, with the custodian about problems of 
repair. We consider that careless breakage 
really deprives everybody. We think about 
all the people who have worked hard to 
build and bring in our play yard equipment. 
Thus, conservation involves social studies as 
well as science. 

Whether children bring lunch to school 
or whether there is a school lunchroom, there 
is need and opportunity for teaching conser- 
vation of our food resources. Older primary 
children, as part of their social studies, may 
decide to have a grocery store in the room. 
In addition to the arithmetic learnings and 
the social experiences in a project such as 
this, children can also learn something of the 
people and processes involved in getting our 
food to us. Further, they may also secure 
some conception of the farmers’ problems in 
raising our food if it is possible to grow rad- 
ishes or other quick-germinating vegetables 
on the school grounds. (Lacking a school 
garden or a strip of ground under the school- 
room window, try growing seeds in flower- 
pots or wooden boxes on the window sill.) 

Education in the conservation of energy is 
implied in much of what has been said. For 
the same reasons that we try to teach chil- 
dren to use, not waste, water, we also teach 
children to turn off lights when not in use, 
Whether our power is steam generated or 
hydroelectric, we believe primary children 
are not too young to gain some appreciation 
of the fact that many people work to see that 
we have electricity, that the coal which may 
be used to generate it comes from far away, 
or that many people worked hard to build a 
dam to hold back the water which makes 
electricity for us. Assuming we have the 
imagination to motivate them, every child 
can do something about conserving an in- 


creasingly scarce community resource such 
as water. 


SAVE HUMAN ENERGY 


Children who learn to put away their own 
things where they can find them quickly are 
learning to save time for more important, 
enjoyable activities. A kindergarten group on 
the first day of school had a wonderful time 
playing with blocks of various Sizes and 
shap^s. These had been shelved together in 


groups. When it came time to clean up, the 


teacher wisely let the children struggle for a 
while stacking the blocks any old way. Even- 
tually they saw a need for sheliang aor 
ing to the original grouping by size an 
shape. Asn 

addition to education in responsibility 
for personal and school property, children 
need to learn the care and wise use of com- 
munity property. For example, _we D 
"adopt" a tree on our street, watch it throug 
the seasons, and report any damage or sign 
of disease to the municipal Park Gomme 
or its equivalent. Perhaps one of our frien : 
on the Commission can give us an objec 
lesson in the results of mutilating or rede 
on trees. He may perform—or we UA 
bark-girdling on expendable branches h 
trees or shrubs near school. We can men 
for results. The ensuing discussion may " 
to the question of carving initials on park iñ 
bus benches as well as on trees. We ge 
more with young children by stressing R 
tical rather than ethical reasons for rega" 
ing such practices as questionable. 


The interdependence of living things asi 
their environment is a basic assumption pa 
social studies. For examples and ianao : 
the children's level, see “Conservation Help 


kvan 0j 
Everybody,” pp. 83-91, in The Big City Book 4 


Conservation. 


ECOLOGY 


ocial 


, in si 
Give and take, one of the first lessons 1n he 


relations, is true also in the natural world. ing 
whole delicately balanced system of em 
things rests on the foundation of the green P liv- 
world. Let the children try to think of : on 
ing thing that does not ultimately depen their 
green plants—only green plants make cen 
own food. Animals that do not live on These 
plants live on animals that do. We call jit 
life interdependencies based on food food ^ ke 
(see p. 50). There is also a give an 
between green plants and the nongreen 
which include bacteria, yeasts, and 2 tely> 
fungi. These nongreen plants are, fortuna ntly 
agents of decay. In other words, they const? 


ima 
hasten the breakdown of plant and pit 
matter on wh 


Jants, 
Pi the 


ich they grow into simpler € 
cals which green plants can use to ms 
If it were not for decay, scientists pe 
that all the CO, in our atmosphere wOU 


food- 
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used up within a generation (about 30-40 
years). Much of the soil nitrogen and other es- 
sential chemicals would also disappear. One 
Scientist estimates that an acre of farmland 
could support three 30-pound woodchucks. 
The same amount of land could carry 240 
pounds of bacteria and an equal amount of 
fungi and animal protozoans. 

One of the ways we build background and 
fecling-tone and kindle the spark for research 
in social studies is to read aloud excerpts from 
Source material, for example, the Lewis and 
Clark Journals, the William Manley account of 
the Death Valley expedition of 49’ers, and the 
like. The life stories of some more recent but 
nonetheless colorful figures in Western history 
are well summarized in an upper grade sup- 
Plemental reader, Everybody’s Riches, by Grace 
M. Brown and Guy H. Browning, Century 
Schoolbook Press, 1959. This book presents bi- 
graphies of Gifford Pinchot, the forester, Clar- 
ence King, the geologist, John Wesley Powell, 
the land surveyor, and John Muir, the moun- 
taineer, narrated especially for children. The 
teacher’s edition contains much supplemen- 
tary science information, text activities, answers 
and objectives, addition questions, and activities. 

here are also many suggestions by reading ex- 


Perts, intended to enrich the basic reading pro- 
Bram, 


OUTDOOR SCIENCE AND 
CONSERVATION EDUCATION 


The conservation movement began with 
People who loved the out-of-doors and wanted 
to preserve it, Those schools that have a school 
camping Program are natural heirs to this 
Motivation and sense of trusteeship. However, 
Many schools do not have such programs, and 
Only about 12% of the children ever go to 
camp. Whether or not you teach in a school 
System with a camp program or in a grade that 
Soes to camp (in most schools at present, only 
Sixth graders go), you can do much at any 
Srade level by taking a hard look at your im- 
Mediate environment. Kindergarten teachers 
Gites take tbe children in their clawes on 
Walking trips around the school. This practice 
May be repeated at every grade level. One 
Stroup adopted a tree on the school ground and 
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watched it through the school year; another 
group made a location map to identify trees on 
the school ground. For other useful suggestions, 
see any of the references listed below: 


American Association for Health, Physical 
Education, and Recreation, Outdoor Education 
for American Youth, National Education 
Association of the United States, 1957. 
150 pp. 

California Association for Outdoor Education, 
Teaching Conservation and Natural Science in the 
Outdoors, Conservation Education Section, 
State of California, Dept. of Natural Re- 
sources, Jan., 1958. 47 pp. 

California Journal of Elementary Education, 
of California, Dept. of Education, 
1957. 128 pp. 

California Journal of Elementary Education, State 
of California, Dept. of Education, Nov., 
1960. 128 pp. 

Conservation, Camp Fire Girls, 1959. 72 pp. 

Conservation of the Camp Site, American Camping 
Association, Bradford Woods, Martinsville, 
Ind., 1960. 36 pp. 

Guide to Teaching Conservation and Resource-Use in 
Michigan, State of Michigan, Dept. of Public 
Instruction, 1960. 186 pp. 

Johnston, Verna, Natural A reas for Schools, Con- 
servation Education Section, State of Cal- 
ifornia, Dept. of Natural Resources, 1959, 
32 pp. 

Leadership Guide in Conservation Education, State of 
Michigan, Dept. of Public Instruction and 
Dept. of Conservation, Bulletin No. 421, 
1959. 55 pp. 

Operation New York: Using the Natural Environment 
of the City as a Curriculum Resource, Board of 
Education of the City of New York, Bureau 
of Curriculum Research, 1960. 117 pp. 

Outdoor Education: A Handbook Sor Teachers, Stan- 
islaus County Schools, Calif., Spring, 1959. 
104 pp. 

Teaching Conservation in Indiana Schools, State of 
Indiana, Dept. of Public Instruction, Bulle- 
tin No. 232, Title III, N.D.E.A., No. 2, 1959, 
50 pp. 

Weaver, Richard L., ed 
Laboratories: The Develop: 
grounds as 


State 
Nov. 


> 


+» Manual for Outdoor 


ment and Use of School- 
Outdoor Laboratories for 
Science and Conservation, 


PP. 


Teaching 
Interstate, 1$59. 81 
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Summer science 


Using the summertime is a way of stretching 
the year. On a warm spring day review the 
year’s work in science as a basis for recalling 
things the children wish they had done. Such 
discussions can result in a timetable of summer 
activities, as follows: 


Making collections 

Trying experiments 

Taking pictures 

Keeping records 

Making models 

Visiting museums, planetaria, or other places 
of interest 

Reading and talking to people about science 

Keeping a scrapbook or file of newspaper 
and magazine articles about science 

Keeping and studying living things 

Logging radio and TV science programs 

Recording weather, shadows, startime, etc, 


A few specific examples with chapter refer- 
ences for details may illustrate the value of 
planned summer science experiences. 

Water—indoors and out (see also Chapter 11). 
Listen to water filling a container in the sink, 
running in a hose or through a sprinkler head, 
running in a stream and falling on the beach. 
Feel water. Take its temperature at different 
times of the day. How cold does the cold water 
run in your tap? Does the temperature vary? 
Look at water—tapering as it runs from the 
spigot; swirling and whirlpooling down the 
drain; flowing around rocks in a stream; mak- 
ing eddies and waterfalls (“I come from haunts 
of coot and hern,” Tennyson, The Brook’s Song.); 
making a rainbow in a cloud, a waterfall, or a 
lawn sprinkler; forming dew on plants. Does 
dew form as a film or only in drops? What air 
temperature produces dew? What do you sus- 
pect in addition to air temperature is also a 
cause for dew? What is the most efficient way to 
water a lawn or garden? Can you think of ex- 
periments to prove your point? (See Chapter 7.) 

Insects. The cicada's trill signals the height 
of midsummer and of seasonal insect popula- 
tion. Collect individual insects or groups of in- 
sects alive and observe in glass j 
specifics, see Chapter 3. 

Reacing tracks. Cultivate sensitivity to tracks 

of all kinds— insect and invertebrate tracks at 


ar zoos. For 
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the beach, bird and mammal tracks in mud 
flats, along streams and ponds, or in soft dust. 
Make wax or plaster of Paris castings where 
possible. (See Chapter 2.) 

Sky watching. Lie on your back and watch 
the summer sky. What's in the sky? Sun, moon, 
and stars, of course, but how about birds and 
planes and insects and even flying seeds? Think 
of a way to collect and look at air dust under 
magnification. Make a culture of air dust to see 
what bacteria and other spores it may carry. 
(See Chapter 9.) The night sky in summer is es- 
pecially beautiful and inviting to those who 
have been housed all winter within the shield 
of city lighting. Like the ancient Eygptian as- 
trologers, scientists watch one star night after 
night. Does it appear to move with relation to 
a fixed line of sight? 

A telescope opens a new world, especially 
when trained on the nearer planets. But a fine 
background in astronomy and general interest 
can be derived with no more than a pair of 
binoculars. Binoculars with a wide field of vision 
rather than a high magnification are recom- 
mended. (See Chapter 10.) 

The world of Lilliput. An inexpensive Japanese 
or American microscope can open a whole world 
of interest to children—newsprint, salt crystals, 
sunburned skin, fish scales, leaves, etc., under 
low power; plant and animal cells, life in dust, 
and life ina drop of water under higher magni- 
fication. 

Summer weather, One of the nicest things 
about summer is the weather. Planning outings 
is easier if we can predict the weather, and there 
are values in the attempt. Sixth graders who at- 
tend a mountain school camp predict the weather 
and plan the next day’s activities accordingly: 
Their equipment consists of a thermometer, 
barometer, wet and dry bulb indicator (relative 
humidity), and a wind vane. Most of the time 
the children’s predictions are essentially correct. 

Science sensing. Summertime is rich with un- 
forgettable Sensory experiences—sights, sounds, 
smells, tastes, textures. We can intensify an 
deepen these experiences for children if we helP 
them sce patterns and diversity within such ex 


pertences. For instance," we might 


'' Harry Milgrom, "Science and the Senses,” P^ 


mentary School Science Bulletin, No. 19, Sept., 1995+ PP” 
1-2. 
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THEIR ATT: 


TION TO: 
dust particles dancing in sunlight, the sun 
stealing below the horizon, the match flame 
that always points up, the play of colors in a 
soap bubble, ripples on the surface of water, 
the construction of a spider web, a halo 
around the moon, a cold water pipe “sweat- 
ing” on a hot day, the shimmering air over a 
radiator, the curve of a pitched ball, a reflec- 
tion in a mirror. How do we explain these 
things? 


ASK THEM TO COMPARE—THE SLOW 

MOTIONS OF: 

the leaves of a plant turning toward the sun, 
the tidewaters rising or falling, water evap- 
orating from a glass, the hour hand of a clock. 


WITH— THE HIGH SPEED OF: 
the flash of a firefly or lightning, a jet plane 
Streaking across the sky, a picture sent by 
television, voice by radio. How do we meas- 


ure time? What is time? 


ASK THEM TO F 


SEL: 

the force of wind-driven rain against the face, 

the crunch of sand or snow underfoot, the 

‘Pine-tingling screech of chalk drawn across a 
lackboard, the heat pouring out of a sun- 

Scorched brick after sunset, the earth-shaking 


Tumble of a blast of thunder. With what do 
we feel? 


c THE 
ALL THEIR ATTENTION TO THE ODOR OF: 


new. ; ; ; 
ane mown hay, air after a lightning storm, 
c 
fam Spray, fresh leather, a swamp, a rose, 
Soline fumes, smoke, broiling steak, winter- 


n ` 
Breen, earth. What brings these odors to the 
nose? ° 


ASK E 
ie THE CHILDREN TO TOUCH AND LEARN THE 
EXTURES OF: 


ha dpaper, cellophane, felt, wool, rabbit fur, 
ed fur, flower petals, water, mercury, 
353: pee beech bark, shagbark hickory, oil, 
What eather, bone, silk, glass, waxed paper. 


Produces these varied feelings? 


AS) 
K THEM TO LISTEN TO: 
Purr ofa 


ussycat idli i 
roar of à Pussycat, sound of an idling engine, 


Sean y Subway train, sound of a jet plane, 
brakes a hiss of escaping air, screech of 
Burelin om ing of a siren, clang of a bell, 

sung brook, lapping of water, rustling of 
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leaves, howling of winds, sounds of frogs, 
birds, insects, animals, people, instruments. 
What makes these sounds? What makes them 
different? 


AND TO THE SILENCE OF: 
the moon journeying across the sky, lake 
waters on a calm misty morning, a hawk 
circling high in the sky, a flower bud unfold- 
ing, snow falling, electricity moving in a wire, 
a sailboat skimming over distant waters. 
What is silence? 


POINT OUT TO THE CHILDREN THE COLOR 
MARVEL OF: 

a red sunset, a harvest moon, a rainbow, the 
purple mountains’ majesty, a dancing flame, 
a blue sky, autumn leaves, the sparkle of 
gems, an oil slick on water, butterflies, beetles, 
birds, reptiles. What is color? 


ASK THEM TO THINK ABOUT THE FASCINATING 
SHAPES O 

leaves, snowflakes, eggs, starfish, snail shells, 
clouds, lightning, star groups, icicles, suspen- 
sion cables, airplane wings, birds, fish, drops 
of water, frost. What causes the formation of 
these shapes? 


GIVE THEM OPPORTUNITIES TO SOAR ON THE 
WINGS OF FANTASY: 

What would happen if trees, gravity, insects, 
flowers, humans, and so on, disappeared; if 
air stopped moving; if water stopped flowing? 
If I were a seed, dust particle, piece of paper, 
drop of water, leaf, meteor fragment, comet 
fragment, sound, radio wave, microbe, light 
ray, where would I wander? 

My journey into the world of: invisible mi- 
crobes, invisible atoms and molecules, outer 
space, the earth’s interior, the ocean bottom, 
the mountain peak. 


Summer collector's harvest. Encourage the 
children to make significant collections. Show 
them how to organize, select, and arrange their 
materials for study and display. Collection is an 
individual matter but can be utilized to enrich 
the understanding of the group and in some 
cases enhance the status of the young collector. 
The following chart is reproduced by permission 
of the L. W. Singer Co. (Singer Science News, Vol. 
XII, No. 9, May, 1959, pp. 2-3). 
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Summertime science collections 


what to collect where to go 


Rocks Around home, road 
cuts, excavations, 
quarries, hills, moun- 
tains 


what to look for 


Rocks with interesting 
colors, streaks, shapes; 
rocks containing clear 
and colored crystals; 
rocks with fossils 


equipment needed 


Hammer (geologist’s 
or carpenter’s), chisel, 
newspapers, cloth bag, 
notebook and pencil, 
compass, guidebook 
such as Rocks and Min- 
erals by Zim and Shaf- 
er, Simon and Schus- 
ter, 1957 


Insects Around home, fields, 
gardens, beaches, 
woods, around ponds, 
almost everywhere 

Feathers 


Fields, gardens, 
woods, near pools of 
water, places where 


Butterflies, ants, 
moths, beetles, flies, 
wasps, bees, crickets, 
grasshoppers, water 
bugs, many others 


Bird feathers of vari- 


ous colors, sizes, and 
shapes 


birds dust themselves, 
city parks, near bird 
nests, almost every- 
where 


Long-handled cloth 
net, flashlight, small 
glass bottles with cov- 
ers, envelopes, pencil 
and paper, tweezers, 
magnifying glass, a 
glass bottle partly 
filled with 80-90% 
ethyl alcohol (killing 
jar), large sieve, cigar 
boxes, guidebook such 
as Insects by Zim and 
Cotta, Simon and 
Schuster, 1951 


Magnifying glass, 
envelopes, gummed 
tape, colored 
construction papers, 
guidebook such as 
Birds by Zim and Gab- 
rielson, Simon and 


Schuster, 1949 
Leaves Streets, woods, parks, 


Leaves of various col- 


almost everywhere ors, sizes, and shapes 


Flat board, books, 
newspapers, gumme 
tape, colored con- 
struction papers, 
guidebook suchas 
Trees by Zim and Mar 
tin, Simon and Schus 
ter, 1953 


Animals (other Near a small pond 


Tadpoles, salaman- 
ders, snakes, turtles, 
crayfish, minnows, 
fairy shrimp, snails, 
toads, frogs, lizards, 
slugs, newts 


than insects) in 
and near a pond 
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Kitchen sieve or but- 
terfly net, old ane 
for wading, glass Ja 
with covers, guide- 
book such as Reptiles 
and Amphibians by Zim 
and Smith, Simon a” 
Schuster, 1958 


eee EE 


how to collect 


Use hammer and chisel to collect samples about 
the size of walnuts. Be careful of flying chips. Do 
not collect too many specimens. Be selective. 
Wrap each rock in newspaper. Before wrapping, 
assign a number to the sample. Use a numbered 
Plece of adhesive tape to do this. In a notebook, 
Write this number down and after it, write the 
date, place collected, and kind of rock, if known. 
Place samples in cloth bag 


care of the collection 


Place specimens in compartmentalized trays. 
Use egg cartons or plastic trays. Number sam- 
ples. Make 3 X 5 index cards to correspond 
with the numbers. On each card show the num- 
ber of the rock, date, place collected, kind of 
rock, and name of collector 


With large net for pursuing butterflies and other 
ud insects, and with sieve for scooping in- 
light he. shallow pond water, and with flash- 
nd glass jars for collecting insects at night, 
esd as wide a variety of insects as possible. 
€ most insects into killing jar (see guidebook 
Irections for killing moths and butterflies). 
emove with tweezers and store in envelopes 
until ready to mount. During collections, ob- 


Ser 3 f es 
>i ve movements and feeding habits of live in- 
cts 


Use cigar boxes to house insect collections. Place 
a pin through the body of an insect. Stick the 
pin into cardboard placed on the bottom of the 
box. Arrange the pins in an orderly fashion. 
Make small cards which give information about 
the sample. With the pin, pierce the cards and 
mount them with the insect. Mount butterflies 
and moths on cotton in cigar boxes. Cover these 
mounts with cellophane or glass to make perma- 
nent mounts 


No $ F 
ot method is needed to collect feathers. 
È them up wherever they may be seen. Store 
f Samples in envelopes to help protect them 
elore mounting 


Mount feathers on colored construction paper. 
Use gummed tape to hold feathers in place. 
Label each sample. Use the guidebook to help 
identify the feathers 


s in. method is needed to collect leaves. 
ined €aves from the ground. Try to find 
r dam at have not been partly eaten by insects 

aged in any way 


Place leaves on a thick layer of newspapers. 
Place the newspapers on a board. Cover the 
leaves with another layer of papers and then 
place about three heavy books on top of the pa- 
pers. When the leaves are thoroughly dried, re- 
move them from the paper press and with 
gummed tape attach them to sheets of colored 
paper. Record the names of the leaves and any 
other interesting information on the papers 


O 
Hg i ed logs and rocks near the pond's 
shallow th amanders, turtles, snakes, etc. In 
s timp em find tadpoles, minnows, fairy 
to collect is ish, ete. Use hands or sieve or net 
ater to ese animals. Wear sneakers in the 
ane uml cuts from rocks and debris. 
airy a such as minnows, crayfish, and 
animale Pin water in glass jars; place other 
in glass jars without water 


Animals collected from the water in the pond 
need to be placed in an aquarium, and animals 
collected near the pond’s edge need to be placed 
ina terrarium. From the library, obtain a book 
which gives instructions on how to make and 
maintain aquariums and terrariums. When the 
animals have been studied, they should be re- 
turned to their natural homes 
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Reference tables 


Table A-1 
Weights and measures 


Common or English system 


Linear measure 

1 foot (ft) = 12 inches (in) 

l yard (yd) = 3 feet 7 

1 rod (rd), pole, or perch = 5¥2 yards 
l furlong (fur) = 40 rods 

l statute mile (mi) = 8 furlongs 

l league = 3 miles 

1 fathom (f) = 6 feet 


Square measure . in) 
1 square foot (sq ft) = 144 square inches (sq in 
Square yard (sq yd) — 9 square feet 

square rod (sq rd) = 30'4 square yards 

acre (A) — 160 square rods 

Square mile (sq mi) — 640 acres 

Section (sec) — 1 mile square 

township (tp) = 36 sections 


Cubic measure and in) 
1 cubic foot (cu ft) — 1728 cubic inches (cu in 
l cubic yard (cu yd) = 27 cubic feet 


Liquid measure (U.S.) " : 
l pint (pt) = 28.875 cubic inches = 4 gills (gi) 
l quart (qt) — 2 pints 

| gallon (gal) = 4 quarts 

l barrel (bbl) = 31% gallons 

Dry measure (U.S.) ; 

l quart (qt) = 67.20 cubic inches = 2 pints 

l peck (pk) = 8 quarts 

l bushel (bu) = 4 pecks 


Liquid and dry measure (British) . 

l pint = 34,677 cubic inches = 4 gills 
l quart (qt) = 2 pints (pt) 

1 gallon (gal) = 4 quarts 

l peck (pk) = 2 gallons 

1 bushel (bu) = 4 pecks 

l quarter (qr) = 8 bushels 
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Table A-1 (continued) 


Apothecaries’ fluid measure . jl . 
1 fluid dram (fl dr or f5) = 0.2256 cubic inch = 60 minims (min or m) 
1 fluid ounce (fl oz or f5) — 8 fluid drams 

1 pint (pt or o) = 16 fluid ounces 

1 quart (qt) = 2 pints 

1 gallon (gal) = 4 quarts 

Avoirdupois weight 

1 dram (dr) = 27 11/32 grains! (gr) 

1 ounce (oz) = 16 drams 

1 pound (Ib) = 16 ounces 

1 stone (st) = 14 pounds 

1 hundredweight (cwt) = 100 pounds* 

1 ton? (t) = 20 hundredweights 

Troy weight 

1 carat (car) = 3.086 grains’ (gr) 

1 pennyweight (dwt) = 24 grains 

1 ounce (oz t) = 20 pennyweights 

1 pound (Ib t) = 12 ounces troy 


Apothecaries’ weight 

1 scruple (s ap or») = 20 grains! (gr) 
1 dram (dr ap or 3) — 3 scruples 

1 ounce (oz ap or 3) = 8 drams 

1 pound (Ib ap or 1b) = 12 ounces 


Metric system 


Linear measure 

1 centimeter (cm) = 10 millimeters (mm) 
1 decimeter (dm) = 10 centimeters 

1 meter (m) = 10 decimeters 

1 dekameter (dkm) = 10 meters 

1 hectometer (hm) = 10 dekameters 

1 kilometer (km) = 10 hectometers 


Square measure 

1 square centimeter (cm?) = 
1 square decimeter (dm?) = 100 square centimeters 
1 square meter (m?) = 100 square decimeters 

1 are (a) = 100 square meters 

1 hectare (ha) = 100 ares 

1 square kilometer (km*) = 100 hectares 


100 square millimeters (mm?) 


Cubic measure 
1 cubic centimeter’ (cm 


3) = 1000 cubic millimeters (mm?) 
1 cubic decimeter (dm 


i 7) = 1000 cubic centimeters 
1 cubic meter (m*) = 1 stere (st) = 1000 cubic decimeters 


' The “grain,” 0.0648 grams, 
* British 112 pounds. 

' Short ton ( 
' | milliliter 


is the same in avoirdupois, troy, and apothecaries’ weights. 


s t) = 2000 pounds; long ton (1t) = 2240 pounds. 
= 1.000027 cubic centimeters. For all practical purposes, they are equivalent. 
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Liquid measure 

1 centiliter (cl) = 10 milliliters (ml) 
1 deciliter (dl) = 10 centiliters 

1 liter (1) = 10 deciliters 

1 dekaliter (dkl) = 10 liters 

1 hectoliter (hl) = 10 dekaliters 

1 kiloliter (kl) = 10 hectoliters 


! Weight 
1 centigram (cg) — 10 milligrams (mg) 
1 decigram (dg) = 10 centigrams 
1 gram (g) = 10 decigrams 
1 dekagram (dkg) = 10 grams 
1 hectogram (hg) — 10 dekagrams 
1 kilogram (kg) = 10 hectograms 
1 metric ton (t) = 1000 kilograms 


Equivalents in common or English and metric systems 


l inch = 2.54 centimeters 

1 mile = 1.6093 kilometers 

1 quart (U.S.) = 0.9464 liter 

1 quart (British) = 1.1351 liters 
1 pound = 453.59 grams 


Miscellaneous 


1 dozen (doz) = 12 
1 gross (gro) = 12 dozen 
j 1 great gross (gt gro) = 12 gross 
1 quire = 24 sheets of paper 
l ream = 20 quires 
1 cord foot (cd ft) = 16 cubic feet (cu ft) of wood 
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Table A-2 . 
Specific gravities of some common materials! 


(grams per ct at 20° C) (grams per cc at 20° C) T 
Acetone 0.79 Limestone : ci 
Agate 2.5-2.6 | Magnesium s E 
Alcohol (95%) 0.81 | Marble Ge 
Aluminum 2.7 Mercury i tis 
Brass 8.5 | Milk "s A 
Butter 0.86 | Mortar T. e. 
Brick (common) 1.79 | Nickel " | 
Carbon tetrachloride 1.6 | Opal . "d 
Celluloid 1.4 | Osmium ^ e 
Cement 2.8 | Paraffin z pr a 
Clay 1.92-2.4 | Plaster of Paris ca j 
Coal (anthracite) 1.5 | Platinum i 06 
Coal (bituminous) 1.3 Polystyrene 35 
Concrete 1.92-2.24 | Porcelain ^ A 
er 8.9 | Quartz : 
Chee 0.22-0.26 | Rock salt 2.1 a 
Diamond 3.1-3.5 | Rubber (gum) 176 
Earth (loose) 1.15-1.28 | Sand — 
Earth (packed) 1.44-1.76 | Sea water à E 
Gasoline 0.68 | Silver 98 
German silver 8.4 | Slate du 4 
Glass (common) 2.5 | Steel 2 
Gold 19.3 | Sulfur (roll) 92 
Granite 2.7 | Tile Lipi, 3 
Graphite 22 | Tin i88 
Gravel 1.6-1.92 Tungsten i 
Gypsum 2.32 | Wood 0.16 
Human body (normal) 1.07 balsa 067 
Human body (when lungs red oak ei 
are filled) 1.00 rock elm 2 
Ice 0.92 southern pine jo 4 
Iron 7.9 white pine 71 
Lead 11.3 | Zinc E 


! Specific gravity is the rati 
of water, taken as 1s 
for substances not h 


o of the weight of 


any volume 
that is, it is the ratio of the density of 
aving a constant composition. 


z volume 
of a substance to the weight of an equal pede 
a substance to the density of water. Values 
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Table A-3 
Temperature conversion table 


ge °p g °F 8G °F *6 °F ae °F 
—20 —4 17 63 38 100 59 138 80 176 
—15 +5 18 64 39 102 60 140 81 178 
—10 14 19 66 40 104 61 142 82 180 
-5 23 20 68 41 106 62 144 83 181 
0 32 21 70 42 108 63 145 84 183 

1 34 22 72 43 109 64 147 85 185 

2 36 23 73 44 111 65 149 86 187 

3 37 24 75 45 113 66 151 87 189 

4 39 25 77 46 115 67 153 88 190 

5 41 26 79 47 117 68 154 89 192 

6 43 27 81 48 118 69 156 90 194 

7 45 28 82 49 120 70 158 91 196 

8 46 29 84 50 122 71 160 92 198 

9 48 30 86 51 124 72 162 93 199 

10 50 31 88 52 126 73 163 94 201 
11 52 32 90 58 127 74 165 95 203 
12 54 33 91 54 129 75 167 96 205 
13 55 34 93 55 131 76 169 97 207 
14 57 35 95 56 133 77 171 98 208 
15 59 36 97 57 135 78 172 99 210 
99 58 136 79 174 100 212 


a 
a 
[5 
M 
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Bibliography: 


books for a science library 


Some of these publications are recommended 
for the teacher’s library; others are suggested as 
a starting point in building a school science 
library for the use of both students and teachers. 
The listing of books and pamphlets for teachers 
and students contains recommended textbooks 
and textbook series in addition to many sources 
of supplemental reading. The teacher will be 
especially interested in the section entitled “Cri- 
teria for Evaluating Science Textbooks,” and 
in the section on scope and sequence charts. See 
also the bibliographies at the ends of the chap- 
ters. 


STANDARD REFERENCES 
Encyclopedias 


Britannica Junior (15 volumes), Encyclopaedia 
Britannica, Chicago, latest edition. 


Collier’s Encyclopedia (20 volumes), Crowell Col- 
lier, New York, latest edition, 

Compton’s Pictured Encyclopedia (15 volumes), F, 
E. Compton, Chicago, latest edition. 

Our Wonderful World Encyclopedia, Spencer Press, 
Champaign, Ill., 1957. 

World Book Encyclopedia (19 volumes), Field En- 
terprises, Chicago, latest edition. 


Yearbooks 


Rethinking Science Education, Univ. of Chicago 
Press, 1960. 59th yearbook of the National 
Society for the Study of Education, Part I, ed. 
by J. Darrell Barnard. National authorities 
discuss the role of science; the creativity and 
personality of the scientist; status of Science 
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education in elementary and secondary 
schools and colleges; science programs; eure 
riculum development; supervision; Huc e 
and materials; training and professiona 
growth of science teachers; and research. " 

Science Education in American Schools, Univ. © 
Chicago Press, 1947. 46th yearbook of the 
NSSE, Part I. A milestone in laying one 
basic objectives and goals. Compendium o 
articles by authorities. 

Science for Today’s Children, No. 33, National 
mentary Principals, September, 1953. Artic ES 
by authorities on theory and application 10 
most aspects of elementary science tear 

U.S. Dept. of Agriculture, Insects: Yearbook 9) 
Agriculture: 1952, U.S. Govt. Printing Office 
Washington 25, D.C., 1952. US. 

———, Trees: Yearbook of Agriculture: 1949, G 
Govt. Printing Office, Washington 25, Dos 
1949, 3k 

The World Almanac and Book of Facts, New Yo 
World-Telegram, latest edition. 


PERIODICALS AND JOURNALS 


The American Biology Teacher, National Asso 
tion of Biology Teachers, Interstate pies es) 
N. Jackson St., Danville, IIl. $6.00 (8 iss 
per year. A 

American Journal of Physics, American Inst 
of Physics, 335 E. 45th St, New York 
N.Y. Monthly; $7.50 per year. iet: 

Audubon Magazine, National Audubon S°° Bi- 
1130 Fifth Ave, New York 28, N.Y: 
monthly; $5.00 per year. 

Biology and General Science Digest, W. M. 


cia- 


tute 


welch 
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Manufacturing Co., 1515 Sedgwick St., Chi- 
cago 10, Ill. Free. 

Elementary School Science Bulletin, National 
Science Teachers Association, 1201 Sixteenth 
St., N.W., Washington 6, D.C. $1.00 (8 is- 
sues) per year. 

Fauna, Fauna, 34th and Girard Ave., Philadel- 
phia, Pa. 

The Grade Teacher, Educational Pub. Co., Dar- 
ien, Conn. $5.00 (10 issues) per year. 

Journal of Chemical Education, American Chem- 
ical Society, 1155 Sixteenth St., N.W., Wash- 
ington 6, D.C. Monthly; $4.00 per year. 

The Junior Astronomer, Benjamin Adelman, 4211 
Colie Dr., Silver Spring, Md. 

Junior Natural History, American Museum of Nat- 
ural History, Central Park West at 79th St., 
New York 24, N.Y. $1.50 (10 issues) per year. 

Metropolitan Detroit Science Review, Metropolitan 
Science Club, 4830 Grady St., Detroit 7, 
Mich, Quarterly. 

Natural History, American Museum of Natural 
History, Central Park West at 79th St., New 
York 24, N.Y. Monthly, October- May; bi- 

monthly, June-September; $5.00 per year. 

Nature Magazine, American Nature Association, 
1214 Sixteenth St., N.W., Washington 6, D.C. 
Monthly, October-May; bimonthly, June- 
September; $5.00 per year. 

Outdoors Illustrated, National Audubon Society, 
1130 Fifth Ave., New York 28, N.Y. 

Physics and Chemistry Digest, W. M. Welch 
Manufacturing Co., 1515 Sedgwick St., Chi- 
cago 10, Ill. Free. 

Physics Today, American Institute of Physics, 
335 E. 45th St., New York 17, N.Y. Monthly; 
$4.00 per year. 

Popular Mechanics, Popular Mechanics Co., 250 
W. 55th St, New York 19, N.Y. Monthly; 
$3.50 per year. 

Popular Science, Popular Science Publishing Co., 
355 Lexington Ave., New York 17, N.Y. 
Monthly; $3.40 per year. 

School Science and Mathematics, Central Associa- 
tion of Science and Mathematics Teachers, 
450 Ahnaip St, Menasha, Wisc. Monthly 

" October-June; $4.50 per year. 

cience, American Association for the Advance- 
ment of Science, 1515 Massachusetts Ave., 
N.W., Washington 5, D.C. Weekly; $8.50 per 

year. 


Science Digest, Science Digest, Inc., 250 W. 55th 
St., New York 19, N.Y. Monthly; $3.50 per 
year. 

Science Education, National Association for Re- 
search in Science Teaching, University of 
Tampa, Tampa, Fla. $5.00 (5 issues) per 
year. 

Science News Letter, Science Service, 1719 N St., 
N.W., Washington 6, D.C. Weekly; $5.50 per 
year. 

The Science Teacher, National Science Teachers 
Association, 1201 Sixteenth St., N.W., Wash- 
ington 6, D.C. Monthly; $3.00 per year. 

Science World, Scholastic Magazines, Inc, 33 W. 
42nd St., New York 36, N.Y. $1.50 (15-16 
issues) per year. 

Scientific American, Scientific American, Inc., 
415 Madison Ave., New York 17, N.Y. 
Monthly; $6.00 per year. 

The Scientific Monthly, American Association for 
the Advancement of Science, 1515 Massa- 
chusetts Ave., N.W., Washington 5, DG, 

Sky and Telescope, Sky Publishing Corp., Har- 
vard College Observatory, 60 Garden St., 
Cambridge 38, Mass. Monthly; $5.00 per 
year. 

Skylights, National Aviation Education Council, 
1205 Connecticut Ave., N.W., Washington 6, 
D.C. 

The UNESCO Courier, UNESCO Publications 
Center, 801 Third Ave., New York 22, N.Y. 
Monthly; $3.00 per year. 

Weatherwise, American Meteorological Society, 
3 Joy St., Boston 8, Mass. Bimonthly; $4.00 
per year. 
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Abell, Fred H., The How Book of Grade School 
Science, Stansi Scientific Co., 1957. Booklet to 
accompany Stansi science kit; describes 144 
experiences with heat, light, sound, electri- 
city, astronomy, health, and other phenomena. 

Arey, Charles K., Science Experiences for Elemen- 
tary Schools: Practical Suggestions for Teaching 
Series, No. 4, Bur. of Publications, Teachers 
College, Columbia Univ., New York, N.Y., 
n.d. 98 pp. Upper. Experiences with plants, 
atmosphere, earth and seasons, magnetism 
and electricity, heat, light, and sound. 

Ashley, Tracy H., et al., An A dministrator's Guide 
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to the Elementary School Science Program, Asso- 
ciation of Public School Systems, 525 W. 
120th St., New York 27, N.Y. 30 pp. 

Baker, Emily V., Children’s Questions and Their 
Implications for Planning the Curriculum, Bur. of 
Publications, Teachers College, Columbia 
Univ., New York, N.Y., 1945. 172 pp. More 
than 9000 unstructured questions from 1500 
children throughout the country— grouped 
and analyzed. Approximately 30 pp. on 
science. 

Barnard, J. Darrell, Teaching High-School Science: 
What Research Says to the Teacher Series, No. 10, 
Dept. Classroom Teachers, NEA, 1956. 32 
pP. 25¢. Why, what, and how of teaching 
Science; materials, facilities, and evaluation; 
training of science teachers. 

Blackwood, Paul, Experimenting in Elemenetary 
Science, Education Brief No. 12, rev. ed., U.S. 
Dept. of Health, Education and Welfare, 
1957. 7 pp., free. How to develop scientific 
methods in the elementary grades, 

Blough, Glenn O., It’s Time Sor Better Elemen- 
tary School Science, NSTA, 1958. 48 pp. Of 
special interest to administrators and super- 
visors. Theory for science curriculum con- 
struction. 

— — —, and Paul Blackwood, Teaching Elemen- 
lary Science: Suggestions Sor Classroom Teachers, 
Bulletin No. 4, 1948, U.S. Dept. of Health, 
Education and Welfare, 1953 reprint. 40 pp., 
20c. Definitions and basic assumptions, ways 
of learning, developing a unit, science re- 
Sources at home and school. 

—— ——, and Marjorie Campbell, Making and 
Using Classroom Science Materials in the Elemen- 
tary Schools, Holt, Rinehart and Winston, 
1954. Clear, well-illustrated Suggestions for 
constructing demonstration materials for varj- 
ous areas of science. Extensive bibliography 
for each area; sources of materials, 

—— 3, ét al, Elementary School Science and How 
lo Teach It, rev. ed., Holt, Rinehart and Wins- 
ton, 1958. 608 pp. Five introductory chapters 
and 24 two-part chapters developing content 
and method for various areas of science. 

Brandwein, P. F., et al., Teaching High School Sci- 
ence series, Harcourt, Brace & World. Our fa- 
vorites among high school text references for 
elemcntary teachers. Challenging, completely 


up to date, beautifully organized and illus- 
trated. Especially strong in new develop- 
ments and in enrichment activities. 

Burnett, R. W., Teaching Science in the Elementary 
School, Holt, Rinehart and Winston, 1953. 541 
pp. Child developmental approach in intro- 
ductory chapters. Especially good on atomic 
and other forms of energy. 

California Association for Supervision and Cur- 
riculum Development, Leadership for Science in 
the Elementary Schools, 1960. 88 pp. A hand- 
book for teachers, administrators, consultants, 
and supervisors. Practical suggestions for the 
science program, science experiences, devel- 
oping attitudes and problem-solving abilities, 
materials and equipment, and continuous 
Professional growth. Examples of forward- 
looking leadership practices. Excellent photo- 
graphs. m 

California State Dept. of Education, California 
Journal of Elementary Education, Vol. 21, No. 2, 
November, 1952. 63 pp. Special issue oe 
science for every child and every teacher 
characteristics of a good program; equipment 
and materials. 

———, Looking Ahead in Science, 1960. 88 PP- 
Report of the Production Seminar and i 
ferences on the Improvement of Science Ed- 
ucation in the Elementary School. Purpose 
appropriate experiences and content, equip 
ment and materials, scheduling, evaluation, 
pre- and in-service education. : th 

Camp Fire Girls, Inc., Frontiers—Fun W 
Science for Camp Fire Girls, 1953. 119 er 
Creative, challenging, and well-illustrate 
activities. Sections on sound, light, magnet 
electricity, chemistry, air, weather, and avta 
tion. Final section on “Things to Make an 
Do” of particular value, EE 

Children’s Books for $1.25 or Less, Association E 
Childhood Education International, Was 
ington 5, D.C. 38 pp. "T 

Children's. Books Jor Nature Study, 2nd in ti 
Kansas School Naturalist, Vol. 35, No. 2, Kans? 
State Teachers College, Emporia, — 
December, 1956, 16 pp. Useful categorie 
Suggested grade level groupings, and pere. 
tive annotations. Includes titles of trade bo? 
series, magazines, and publishers’ addresses: 
Extensive list of other biographies. 
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Clark, Ilene C., Science for Primary Children, 
Chico State College, Laboratory School, 
Chico, Calif. 64 pp. Reference book for 
teachers and parents. Elements and forces in 
nature; seasonal activities; records and music 
books. 

Comstock, Anna, Handbook of Nature Study, rev. 
ed., Gomstock (Cornell Univ. Press), 1953. 
Written for inexperienced teachers by a wise 
and compassionate teacher and mother. The 
most useful reference for identifying most of 
the natural objects children bring to school. 

Conservation and Nature Activities, comp. by Cana- 
dian Nature Magazine, 1951, Audubon Society 
of Canada, Toronto, Can. Resource mater- 
ials, nature teaching, seasonal activities, bib- 
liography. 

Cornell Rural School Leaflet, Science Books for 
Children, Teachers’ Number, Vol. 51, No. 1, 
N.Y. State College of Agriculture, Cornell 
Univ., Ithaca, N.Y., Fall, 1957. 64 pp. 20c. 
About 400 books personally examined in this 
list of titles published since the 1949 Elemen- 
tary Science Library number of the leaflet. 

Craig, G. S., Certain Techniques Used in Develop- 
ing a Course of Study in Science for Horace Mann 
Elementary School, N.Y., Teachers College, 
Columbia Univ., New York, N.Y., 1927. 73 
pp. Dissertation was a turning point in the 
development of elementary science from 
nature study toward its present scope. 

———, Science in Childhood Education: Practical 
Suggestions for Teaching Series, No. 8, Bur. of Pub- 
lications, Teachers College, Columbia Univ., 
New York, N.Y., 1944. 86 pp. Science in the 
lives of children, attitudes and methods of 
work, curriculum, community resources. 

———, Science in the Elementary Schools: What 
Research Says to the Teacher Series, No. 12, 
Dept. of Classroom Teachers, NEA, 1957. 
33 pp. The role of elementary science, be- 
havior patterns, content, universal patterns, 
conservation, community problems, develop- 
mental point of view, modern science, teach- 
ing and learning science, types of activities, 
evaluation. 

=, Science for the Elementary-School Teacher, 
?nd ed., Ginn, 1958. 894 pp. Encyclopedic 
classic. Especially strong on earth and uni- 
verse. 


Curriculum Research Report, A Selected Bibliog- 
raphy in Elementary Science, Board of Educa- 
tion of the City of New York, Curriculum 
Center, 130 W. 55th St., New York, N. Y., 
1955. 15e. 

Deason, Hilary J. Science Booklist for Children, 
American Association for Advancement of 
Science, and NSF, Washington, D.C., 1960. 
138 pp. Guide to recreational and collateral 
reading in the sciences (including mathe- 
matics) through the eighth grade. Also ac- 
quisition guide for elementary school and 
public librarians. 

— — —, The Traveling Elementary School Science 
Library, American Association for Advance- 
ment of Science, and NSTA, Washington, 
D.C. 25c. The Traveling Library, initiated 
in 1955, consists of 160 titles representing the 
major areas of science. Classified as primary, 
intermediate, or advanced. Also listed by 
subject index. Recommended for acquisition 
as basic collection by schools, public librar- 
ies, and parents. Comprehensive list pub- 
lished in 1960. 

DeVries, Leonard, The Book of Experiments, 
trans. by Eric G. Breeze, John Murray Pub- 
lishers, London, Eng., 1959. Delightful de- 
scriptions and diagrams of experiments with 
air, force, sound, heat, water, electricity, 
light, chemistry, and other phenomena. Good 
for the gifted pupil. (Distributed by Macmil- 
lan.) 

Dunfee, Maxine, and Julian Greenlee, Elemen- 
tary School Sctence: Research, Theory and Practice, 
Association for Supervisory and Curriculum 
Development of the NEA, 1957. 67 pp. 
$1.00. Practical suggestions for teaching and 
evaluating elementary science in relation to 
research evidence. 

Education for the Age of Science, Statement by the 
President’s Science Advisory Committee, the 
White House, Supt. of Documents, May 24, 
1959. 36 pp., 20c. The place of science and 
technology, the major tasks, national goals. 
Consideration of opportunities for the gifted 
student. 

Elementary School Science. Sample-page booklet 
from Compton's Pictured Encyclopedia. Covers 
insects, astronomy, heat, light, atoms, air, 
and other topics, and includes color plates. 
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Fitzpatrick, F. L., ed., Policies for Science Educa- 
tion, Teachers College, Columbia Univ., New 
York, N.Y., 1960. Science Manpower Proj- 
ect monographs; national authorities con- 
tribute chapters on improvement of programs 
in elementary, junior, and senior high 
schools, teacher education, existing programs. 

Forler, Gladys, and Dorothy Forler, Day by 
Day with Science, Whitman, Racine, Wisc., 

1954. 64 pp. Inexpensive, work-type edition. 

Freeman, Kenneth, et al., Helping Children 
Understand Science, Holt, Rinehart and Wins- 
ton, 1954. 314 pp. Planning and organizing 
Science instruction, community resources, 
equipment, and audio-visual aids. 

Gans, R., and C. Stendler, Teaching Young Chil- 
dren in Nursery School, Kindergarten and Primary 
Grades, Harcourt, Brace & World, 1952. See 
especially Chap. 10, “The Child as a Scien- 
tist,” pp. 236-60. 

Greenlee, Julian, Better Teaching Through Elemen- 
lary Science, Brown, 1954. 204 pp. A science 
supervisor and first-grade teacher learn with 
the children about workable techniques in 
elementary science. An anecdotal presenta- 
tion of objectives and procedures. Easy read- 
ing. 

———, Teaching Science to Children, Brown, 
1951, 1956. 185 pp. Prepared as source book 
for primary teachers. Anecdotal treatment of 
children investigating various areas of science. 

Growing Up with Science Books, American Library 
Association, Chicago, Ill. Issued annually in 
September. 

Harris, Thistle Y., The Teaching of Nature Study, 
Australian Council for Educational Research, 
Melbourne, Aus., 1954. 100 Pp. Basic philos- 
ophy, objectives, activities, programing, and 
testing. Designed for teachers who feel 
adequate in this area, 

Headley, J., and N. E. Headley, Education in 
the Kindergarten, American Book, 1955, See 
PP. 320-57. Suggested activities and obser- 
vations on air, wind, clouds, dew. 

Heffernan, H’, and V. E. Todd, The Kindergar- 
ten Teacher, Heath, 1960. Excellent c 
science. 

Hochman, V., and M. Greenwald, Science Ex- 
periences in Early Childhood Education, Bank 
Street Publishers, New York, N.Y., 1953. 24 
PP., 20€. Sensory experiences, cooking exper- 


in- 


hapter on 


iences, mechanical processes, weather, science 
in the social studies program. 

Hubler, Clark, Working with Children in Science, 
Houghton Mifflin, 1957. 425 pp. Very 
strong in physical science. Well illustrated. 

Hyde, M. O., and F. W. Keene, Hobby Fun Book 
Jor Grade School Boys and Girls, Seashore Press, 
Pelham, N.Y., 1952. 218 pp. Selected Greas 
tive or to-do hobbies and crafts. Good line 
drawings. " 

Improving Science Programs in Illinois Schools, Univ. 
of Illinois, Urbana, Ill., 1958. 87 pp. Analysis 
and recommendations of a joint committee 
on improvement of science teaching. Con- 
siders teacher recruitment and preparation. 

International Conference on Public Education, 
Introduction to Natural Science in Primary Schools, 
UNESCO, New York, N.Y. $1.40. 

Johnson, June, 838 Ways to Amuse a Child, Har- 
per, 1960. Crafts, hobbies, nature lore, travel 
ideas for the child from 6 to 12. : 

Jordan, E. L., Hammond's Guide to Nature A elit 
ities, Macmillan, 1958. 64 pp. Collecting 
rocks, minerals, and shells; terraria and 
aquaria; plant and bird hobbies; collecting 
insects; nature photography; fishing and 
hunting. Excellent illustrations. , 

Laboratories in the Classroom: New Horizons ! 
Science Education, Science Materials Center, 
New York, N.Y., 1960. 96 pp. Contributions 
from Outstanding educators and creative 
classroom teachers on basic aims, new curric 
ula, and new plans and procedures. mre 

Mallinson, G. G., and J. V, Buck, A Bibliog- 
raphy of Reference Books Jor Elementary Sciences 
NSTA, Washington, D.C., 1958. 35 pp» 20€: 
Books for teachers and children. " 

Meister, Morris, and P. F. Brandwein, Jor 
Future in Science, Science Research Associates, 
1958. 56 Pp. What successful scientists nas 
in common; Preparation and career oppo" 
tunities, s 

Merritt, Eleanor, Instructional Materials Bulletin: 
Sources of Elementary School Science, Biblios 
raphy No. 2, Curriculum Laboratory, 1ow# 
State Teachers College, Cedar Falls, la. Jum 
1959. 18 pp Curriculum guides, pamphle 
series, miscellaneous bulletins and pamphlets, 
elementary Science texts, publishers, prot 
sional books, standard references, resoure® 
units, sources of free and inexpensive mater 
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ials, audio-visual materials. No annotations 
but a great many useful reference data. 

The Nature and Science List, New American Li- 
brary. 

Navarra, J. G., and Joseph Zafforoni, Science 
Today for the Elementary-School Teacher, Row, 
Peterson, 1960. 470 pp. Developmental ap- 
proach to evaluation, and current content 
and method in nine major areas—air, 
weather, and aviation; space, time, and the 
earth; matter, energy, and life. 

Nelson, Esther K., A Bibliography of Science Books 

Sor Elementary School Children, Bulletin, Cal- 
ifornia State Dept. of Education, Vol. 28, 
No. 5, September, 1959. 115 pp. Sections on 
living things, the earth, universe, physical 
and chemical phenomena, people and events 
in the sciences; multiple topics; general grade 
level groupings; annotations. 

Nelson, L. W., and G. C. Lorbeer, Science Activ- 
itie; for Elementary Children, rev. ed., Brown, 
1959. 178 pp. Two hundred and forty-nine 
activities on typical areas of science organized 
into general and specific area problems and 
rade levels; information on materials, pro- 
cedures, and results. 

New York State Education Dept, General 
Science Handbook, Part I, Bur. of Curriculum 
Development, Div. of Secondary Education, 
1951. 197 pp. Deals with living things, 
health, electric circuits, gravity and friction, 
fire, light, seasons, rocks, flowers, seeds. First 
Of series of three paperbound pamphlets de- 
Scribing experiments, demonstrations, and 
Other activities for a three-year general 
Science curriculum. Excellent line drawings. 

Obourn, E. S., and C. H. Boeck, “Sixth Annual 
Review of Research in Science Teaching," 
Journal National Association for Research in Science 
Teaching, Vol. 44, No. 5, December, 1960, pp. 
374-99, Bibliographies. Research abstracts 
appear in the four annual issues. 

77——, and C. L. Koelsche, Analysis of Research 
in the Teaching of Science, July 1956-July 1957, 
Bulletin No. 2, 1960, U.S. Dept. of Health, 
Education and Welfare. Continues annual 
Series begun in 1950. Assembles, summarizes, 
and interprets research in science education at 
elementary and secondary levels with regard 
to curricula, learning, teacher education, and 
measurement and evaluation of achievement. 


Includes studies on the college level concern- 
ing status, texts, syllabi, science personnel. 
Parker, Bertha M., Science Experiences in Elemen- 
tary School, Row, Peterson, 1952. Mainly phys- 
ical science. Directions for simple experiments 
and construction of apparatus and toys illus- 
trating various principles. Designed primarily 

for the middle grades. 

Partridge, J. A., Natural Science Through the Sea- 
sons, Macmillan, Toronto, Can., 1955. One 
hundred teaching units arranged by months. 
Well illustrated. 

Read, J. G., and P. A. Nelson, “A View of Science 
Education—Review and Forecast,” Boston 
University Journal of Education, Vol. 141, No. 2, 
December, 1958. Philosophy, elementary and 
secondary school science, research findings on 
current status and trends, bibliography. 

Research Studies in Education, Phi Delta Kappa, 
Inc., Bloomington, Ind. Annual review with 
subject and author index and bibliography on 
research methods. 

Richardson, John S., Resource Literature for Science 
Teachers, College of Education, Ohio State 
Univ., Columbus, O., 1957. 65 pp. Extensive 
references. 

Sauer, Pauline L., Nature Study Equipment, How to 
Make and Use It, rev. ed., Bur. of Extension 
Service, Iowa State Teachers College, Cedar 
Falls, Ia., 1955. 25c. 

Schwartz, Julius, and Herman Schneider, Grow- 
ing Up with Science Books, Library Journal, 62 
W. 45th St., New York, N.Y., 1958. 32 pp., 4c. 
Age groupings: 3-5, 5-9, 9-12, 12-15; devel- 
opmental characteristics. 

Science, Bulletin 2b, Elementary School, Govt. of 
the Province of Alberta, Dept. of Education, 
Edmonton, Alta., 1957. 130 pp. Objectives, de- 
velopment of the program, sample unit—the 
zoo, scope and sequence for grades 1-6. Refer- 
ence list. Well illustrated. 

Science Contributes to the Arts (arts in childhood), 
Series VII, No. 2, Fisk Univ., Nashville, 
Tenn., 1952: 19 pp. Science centers, children’s 
museums, young artists and scientists at work, 
National Audubon Society. 

“Science Education,” The Nation’s Schools, Febru- 
ary, 1960, pp. 65-118. Special issue including 
three surveys; 36 illustrations by editorial staff 
and science educators. 

“Science Learnings; Using What We Know 
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About Children,” Childhood Education, Vol. 26, 
No. 7, ACEI, Washington, D.C., March, 
1950. Articles by authorities. 

Science and Mathematics—Countdown for Elementary 
Schools, Frontiers of Science Foundation of 
Oklahoma, April, 1960. 71 pp. Symposium 
held at Oklahoma City, Okla., Dec. 5, 1959. 
Authorities consider education differences be- 
tween science and technology; school mathe- 
matics; administration problems. An anthro- 
pological view of science, mathematics, and 
curriculum change. 

Science for Our Children, N.Y. State Association of 
Elementary School Principals, Watertown, 
N.Y., January, 1949. 95 pp., $1.00. Informa- 
tion on background of science education in the 
state, present status, helpful supervisory prac- 
tices, characteristics of effective program. 
Outlines college programs in teacher prepar- 
ation. 

Science in the Primary School, John Murray Pub- 
lishers, London, Eng., 1959. 46 pp. Published 
for the Association of Teachers in Colleges and 
Depts. of Education. Such sections as princi- 
ples of teaching, science exploration with 


young children, the role of the teacher, equip- 
ment and books. 


Science Teaching in the Primary School, Educational 
Abstracts, Vol. 7, No. 7, UNESCO, New 
York, N.Y., September, 1955, 25 pp. Status of 
elementary science teaching based on avail- 
able literature and data from corre 
short bibliography; 
materials. 


spondents; 
abstracts; sample texts and 


Science II for Intermediate and Upper Grades, Educa- 
tional Pub. Co., Darien, Conn., 1956, 32 pp. 
Useful articles by science teache 


TS. 
Shapp, 


Martha, Planning and Organizing Science 

Programs for Elementary Schools, Grolier Society, 
1959. 72 pp. Keyed to Book of Knowledge. 
Covers weather, earth, living things, magnet- 
ism and electricity, atmosphere, astronomy, 
transportation, communication. 

Sheckles, Mary, Building Children’s Science Con- 
cepts: Experiences with Rocks, Soil, Air, and Water, 
Teachers College, Columbia Univ., New 
York, N.Y., 1958. 138 pp. Pamphlet. 

Shuttlesworth, Dorothy E., Exploring Nature with 
Your Child, Hawthorn, 1952. Well illustrated. 

Simonton, William H., British Science Examina- 
tions, J. Weston Walch, Portland, Me., 1959. 


30 pp. Selections from questions used from 
1951-1958 by various British colleges for en- 
trance and subsequent screening at several 
levels. Of possible interest for teacher pre-serv- 
ice preparation in science. 

Straight, G. M., comp., Science Experiments, Hart, 
New York, 1957. 64 pp. Simple, inexpensive. 
Clear illustrations. 

Suggested Science Books for the Pupil and Teacher, 
Grades K-9, College of Education, State Uni- 
versity of Iowa, Iowa City, Ia., n.d. 32 pP 
Books consulted and used in the elementary 
science education program at the university- 
Emphasis oa activities and the physical i 
ences. Estimated grade levels checked against 
Bowker's Books in Print (1959). Teacher refer- 
ences on methods, activities, biology and ger- 
eral science, free and inexpensive materials, 
booklists, texts, and publishers. , 

Tannenbaum, H. E., and N. Stillman, Scienc? 
Education for Elementary School Teachers, Ayn 
and Bacon, 1960. 339 pp. Presents goals, “a 
ence materials, and relevant aspects of chi 4 
development. Section on working with gifte 
pupils. Excellent chapter on evaluation. Many 
classroom examples. i 

Underhill, Orra E., The Origins and Developme” 
of Elementary School Science, Scott, Foresma™ 
1941. Synthesis of trends. Basic references: 

UNESCO Source Book for Science n 
UNESCO, New York, N.Y., 1959. Origin? p 
designed as “suggestions for science ae 
in devastated countries," this volume has Pe 
revised, expanded, and reprinted in many © él 
tions. International references and sources 
Science materials. Useful tables. 

Vessel, M. F., and H. Wong, How to Stimulat: ji 
Science Programs: A Cuide to Simple Science A = 
lies, Fearon, 1957, 32 pp. Ideas for pape 
tion, planting, keeping pets, health, sa 
and conservation. 

———., Science Books 1958, Fearon, 1959. a 
75¢. Guideposts to selection. Why teac p^ 
should read science books. References 0” 
ing things, earth, universe, matter and n 
scientists at work. Sample bulletin board A 
table displays. Professional science referen 
Useful annotations. al 

Watson, F., P. F, Brandwein, S. Rosen: “ar 
eds., Critical Years Ahead in Science Te Bons d 
vard Univ., Cambridge, Mass., July dee 


e Your 
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gust 12, 1953. 48 pp. Report of Conference on 
Nationwide Problems of Science Teaching in 
Secondary Schools. Considers nature of prob- 
lem, teacher supply and demand, preparation, 
and science teaching as work and career. 

Weinlander, Albertina A., Your Child ina Scientific 
World, Doubleday, 1959. What science is all 
about; the child in the space age from birth to 
6, from 6 to 10; science interests and children’s 
problems; the forces of nature; community re- 
sources; home experiments; the child with 
special interests; sources of science materials. 

Wells, Harrington, Elementary Science Education in 
American Public Schools, McGraw-Hill, 1951. 
333 pp. Guide to study of methods of instruc- 
tion for first eight grades. Discusses theory and 
practice and resource aids. Emphasis on bio- 
logical science. Extensive appendix. 

Wells, H. G., et al., The Science of Life, Doubleday, 
1 934. 1514 pp. The living body, groups of liv- 
ing things, evolution, ecology, health and dis- 
ease, behavioral science, human biology. Com- 
prehensive and creative. Worth searching for 

n. secondhand bookshops. 

Your School's Science Program," School Man- 
agement, May, 1959, pp. 42 ff. General and 
Specific considerations of curriculum and staff 
Problems, viz., K-12 articulation, multitrack 
groupings, interdisciplinary approach, special 

, Programs. 

Zim, Herbert S., Science for Teachers and Children, 
Association of Childhood Education Interna- 
tional, 1953. 55 pp. Problems of science teach- 
Ing in primary grades. 
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Andrews, Roy Chapman, All About Whales, Ran- 
dom House, 1954. 

Atkin, J. M.,and R. W. Burnett, Elementary School 
Science Activities series, Holt, Rinehart and 
Winston. Pamphlets to date on air, winds, 
weather, working with plants, working with 
animals. 

Baker, Arthur O., et al., Junior Scientist series, 
Rand McNally, 1955. A reading about science- 
type text. Weak in physical sciences. Little ex- 
planation on functions or mechanisms. 

Parlowe, Sy, About Insects, Maxton, 1953. 
*auchamp, Wilbur L., et al., Basic Studies in 
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Science series, Scott, Foresman, 1957. Science 
presented in traditional pattern, with empha- 
sis on biology in early grades and on physical 
science in later grades. Teacher’s manual pro- 
vides “cut and dried” method. Little new ma- 
terial. (1-6) 

Bond, A. D., G. L. Bond, et al., Developmental Sci- 
ence series, Lyons and Carnahan, 1959. Science 
in a story form. (1-6) 

Cormack, M. B., The First Book of Stones, Frank- 
lin Watts, 1950. 

———, The First Book of Trees, Franklin Watts, 
1951. 

Cornell Science Leaflets, N. Y. State College of Ag- 
riculture, Cornell Univ., Ithaca, N. Y. A veri- 
table gold mine on every aspect of science. 
Annual subscription, $1.00 for four issues. For 
example, 1958-59 pamphlets were: Earth and 
Beyond (Teacher’s Number), Ancient Sea Life 
(Pupil’s Number), Chemicals in Action (Pupil’s 
Number), Birds (Pupil’s Number). Some back 
issues still available. 

Craig, Gerald S., et al., Science Today and Tomor- 
row series, Ginn, 1956. Emphasis on explain- 
ing everyday phenomena. Strong physical 
science sections. Teacher’s manual complete. 
Includes background material with suggested 
activities. (1-8) 

Dickinson, Alice, The First Book of Plants, Frank- 
lin Watts, 1953. 

Dowling, Thomas I., et al., Understanding Science 
series, Holt, Rinehart and Winston, 1957. So- 
cial studies approach. Strong in health and de- 
scriptive biology. Less emphasis on the physi- 
cal sciences und explanation of phenomena. 
Many suggested activities. Teacher's manual 
offers very little background material. (1-6) 

Dreany, Joseph, Book About Horses, Maxton, n.d. 

———, Book About Mankind Through the Ages, 
Maxton, 1955. 

— — —, Book About Rivers, Maxton, 1955. 

Feidel, Alexander, Book About Wild Birds, Max- 
ton, n.d. 

Frasier, George W., et al., Science series, Singer, 
1959. Replete with activities. Emphasis on 
biological science and health, with up-to-date 
data. Good teacher's manual. (1-6) 

Freeman, Ira M., All About the Atom, Random 
House, 1955. 

———, All About Electricity, Random House, 
1957. 
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———, All About the Wonders of Chemistry, Ran- 
dom House, 1954. 

Friskey, Margaret, The True Book of Air Around 
Us, Childrens Press, 1953. 

———, The True Book of Birds We Know, Chil- 
drens Press, 1954. 

Frost, Bruno, Book About Jungle Animals, Max- 
ton, 1954. 

Haynes, Olive V., The True Book of Health, Chil- 
drens Press, 1954. 

Harmer, Mabel, The True Book of the Circus, Chil- 
drens Press, 1955. 

Henderson, Luis M., Book About Birds, Maxton, 
1950. 

———, Book About Dogs, Maxton, 1950. 

Kay, Dorothea, Book About Fishes, Maxton, 1953. 

Lane, Ferdinand C., All About the Insect World, 
Random House, 1954. 

———, All About the Sea, Random House, 1953. 

Lemmon, Robert S., All About the Birds, Random 
House, 1955. 

Lewellen, John, The True Book of Farm Animals, 
Childrens Press, 1954. 

—— — , The True Book of Moon, Sun and Stars, 
Childrens Press, 1954. 

Medler, James V., Book About Mountains and Vol- 
canoes, Maxton, 1954. 

Meister, Morris, et al., Wonderworld of Science 
series, Scribner's, 1955. Despite an unattrac- 
tive format, this series contains many activities 
and basic explanations. Weak in biology. Em- 

phasizes astronomy, physics, and geology. (1- 
8) 

Miner, Irene, The True Book of Plants We Know, 
Childrens Press, 1953. 

Parker, Bertha M., et al., Basic Science Education 
series, Row, Peterson, 1959. Inexpensive 
pamphlets. Over 80 titles on many aspects of 
science. Simple text and color Pictures attract 

children. Excellent supplemental references. 
(Middle; some titles at primary level) 

Podendorf, Illa, The True Book of Animal Babies, 
Childrens Press, 1955. 


———, The True Book of Insects, Childrens Press, 
1954. 


———, The True Book of Pets, Childrens Press, 
1954. 


———, The True Book of Science Experiments, 
Childrens Press, 1954. 


——— ., The True Book of Seasons, Childrens Press, 
1955, 
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———, The True Book of Sounds We Hear, Chil- 
drens Press, 1955. 

———, The True Book of Trees, Childrens Press, 
1954. 

———, The True Book of Weeds and Wildflowers, 
Childrens Press, 1955. 

Pough, Frederick H., All About Volcanoes and 
Earthquakes, Random House, 1953. 

Pratt, Fletcher, All About Rockets and Jets, Ran- 
dom House, 1955. . 
Purcell, John Wallace, The True Book of African 

Animals, Childrens Press, 1954. 

Schneider, Herman, and Nina Schneider, Heath 
Elementary Science series, rev. ed., Heath, 1961. 
Encyclopedia-type content with many $08- 
gested demonstrations. Teacher's manual i5 
arranged page by page and might lead to cut 
and dried teaching if followed too closely: 
Good reference. (1-6) 

Sinnickson, Tom, Book About Planes, Maxton, 
1951. 

Smith, Victor C., and Barbara Henderson» 
Science for Modern Living series, Lippincott, 
1956. “Talking about science” type with up- 
to-date information needed. Of value 1n the 
reading program. (1-6) -ce You 

Stone, G. K., and L, W. Stephenson, Science 
Can Use, Prentice-Hall, 1959. Emphasis ^f 
biological science and nature study. Han h 
some illustrations. Junior and senior hig 
school basic text. i 

———, Book About Bees and Wasps, Maxtor» 
1955. ! 

Swenson, Valerie, Book About Reptiles and Am 
bhibians, Maxton, 1955. 

———, Book About Trees, Maxton, 1955. : ‘a 

Tannenbaum, H. E., and Nathan posae 
Webster Junior Science series, Webster- 1 a d 
date on television, fire, electricity, igo 
and thunder, airplanes, seeds, animals, €? s, 
and space, photography, microbes, soun 
rockets, : and 

Thorn, S. A., and C. D. Duncan, Scent sg, 
Conservation series, Beckley-CardY: . 
"Traditional “telling about science 
(1-6) 

Thurber, Walter A., Exploring Science Qu 
Allyn and Bacon, 1955. Strong on aci, 
Problem-solving approach. Requires : ex 
ences and doesn't cover everything 
plains what is covered. (1-6) 


text 


ries: 
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Tibbets, A. B., The First Book of Bees, Franklin 
Watts, 1952. 

Watson, Jane W., The World of Sctence, Golden 
Press, 1958. 265 pp. Exciting peep over the 
shoulders of scientists in the fields of geology, 
astronomy, mathematics, physics, chemistry, 
biology, and engineering. Unusual color pho- 
tographs and diagrams. Unusual end papers 
provide diagrammatic explanation of orders of 
magnitude and the electromagnetic spectrum. 

White, Anne Terry, All About Our Changing Rocks, 
Random House, 1955. 

—— — , All About the Stars, Random House, 
1954, ] 

Wilde, Irma, Book About Flowers, Maxton, n. d. 

Williamson, Margaret, The First Book of Birds, 
Franklin Watts, 1951. 

—— —À The First Book of Mammals, Franklin 
Watts, 1957. 

Zim, H. S., and I. N. Gabrielson, Birds, Golden 
Press, 1949. 

———, and Alexander C. Martin, Flowers, 
Golden Press, 1950. 

—-——— , Insects, Golden Press, 1951. 

— — —, and Hobart M. Smith, Reptiles and Am- 
bhibians, Golden Press, 1953. 

———, and Alexander C. Martin, Trees, 
Golden Press, 1952. 


CRITERIA FOR EVALUATING SCIENCE 
TEXTBOOKS: 


I. ur-ro-pATENESS 

A. Is the material current? Does it include 
those items in the world of science about 
which we read in the daily papers? 

B. Are there background developments to help 
children understand some of the new dis- 
coveries, inventions, and evolutions in up- 
to-the-minute science? For example, is 
there a discussion of molecules, and does this 
treatment support an understanding of 
atoms and atomic energy and atomic power? 


IL. PHYSICAL MAKE-UP 
A. Does the text have immediate interest ap- 
peal to boys and girls? 


1 
bd Helen Heffernan, Chief, Bureau of Elementary 
ji ucation, State of California, Department of Edu- 
ation. Books are rated excellent, average, or poor on 
each point. 


>< 


B. Are the illustrations functional, i.e., do they 
contribute to increased or easy understand- 
ing of content? Do captions as questions 
help tie the illustrations to the content of 
the text? 


C. Are sentence length, size of type, and space 


between lines conducive to easy reading? 


III. AUTHORSHIP 
A. Do the authors have an experienced back- 


ground both in science and in elementary 
education? 


B. Are the authors acquainted by experience 


with the problems of the classroom teacher 
who must teach science but who is not a 
science teacher? 


C. Have the authors written and the publisher 


published a professional book to serve as 
guidance and training in the teaching of 
science? 


IV. AIDS TO INSTRUCTION 
A. Is there a teacher's edition for the text? 
B. Is the teacher's edition a valuable aid to the 


classroom teacher of science who is not a 
trained science teacher? 


C. Does the text contain a glossary, table of 


contents, index? 


D. Is the text so organized that units are suf- 


ficiently independent to allow for a degree 
of "incidental" teaching, thereby making 
it possible to “fit” the text to the interest 
factors of the learners? 


. CONTENT AND METHOD 

. Is provision made for fostering scientific at- 
titudes and for developing critical thinking 
through content and concept formation? 

1. Quantity of opportunities—the clue is the 
number of how, why, and what questions 
in content or allied with concept forma- 
tions which imply critical thinking on 
the part of the learner. 

2. Quality of the material designed to foster 
scientific attitudes and to develop abil- 
ities to do critical thinking. 

a. Extent to which open-mindedness, 
careful observation, weighing evi- 
dence, seeing relationships, general- 
izing, and making applications are 
developed in content and in concept 
formation. 
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B. 


522 


b. Variety and kinds of opportunities 
for development. 

c. Manner in which content is presented 
to develop such attitudes. Clues: (1) 


complete understanding of what is to be 
found out. . 

5. Pupils must be expected to generalize 
the results of experiments. 


“The Wise Use of Our Natural Re- C. Does the text encourage the learner to go 


sources," (2) “This Is Another Way 
to Find Out," (3) *Do Another Ex- 
periment to Find Out," (4) “There Is 
More to Be Found Out,” (5) *Scien- 
tists Have Wondered About This for 
a Long Time." 

Is provision made for improving skill in 

problem solving? 

1. Quantity. 

a. Number of questions or problems 
which suggest further investigation 
(through reading, experimenting, 
etc.). 

b. Number of science experiences (an 
experiment is a type of science experi- 
ence) which meet the above criteria. 

c. Listing of experiments and experi- 
ences included in the content which 
help answer a question or solve a 
problem. 


beyond the ideas in the text? 

1. The quantity of such suggestions must be 
such as to keep the learner working to 
capacity. . ily 

2. The quality of such suggestions is equally 
as important as the quantity of them. 
a. There must be a variety of sugges- 

tions. 

b. Suggestions must be problem-cen- 
tered and extend main learning of the 
unit. . 

c. Suggestions must help the pupil e 
learn about the application of science 
to the areas within the social studies, 
such as home, transportation, work, 
communication, etc. hild 

d. Suggestions must stimulate the chi 1 
to be creative in his own methods o 
finding out. 


D. Are opportunities provided for children © 
2. Quality. 


a. Extent to which questions imply a 
problem situation requiring the 
reader to make further investigation 
as: "How do you know?” "What fact 
of science will you try to use?" *How 
can this be explained?” 
Extent to which experiments and oth- 
er kinds of science experiences within 
the develpment of the unit use questions 
to guide the learner into making 
more careful observations, gathering 
data, and drawing 
c. Inclusion in the content of such sug. 
gestions as: “Try and see.” “Try the 
Same experiment with different mate- 
rials.” “See if you get the same re- 
“Do another experiment.” 
3. The approach to experimentation, dis- 
covery, and problem solving must always 
include a summary or an outline of what 
we already know about the problem so that 
new science experiments become exten- 
sions of facts and concepts already 
known or acquired. 


4. Each experiment must be Preceded by a 


sults.” 
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conclusions. E 


manipulate, investigate, explore, experi 
ment, and discover for themselves? . f 
l. There must be a sufficient quantity 9 
Opportunities. 
2. The quality of opportunities must: i 
a. Make children aware of the pan 
for investigation, exploration, OT 
covery. 7 
b. Prd ample opportunity for al 
ing conclusions following ree 
tions, explorations, experimentation? 
etc. 


: , i lica- 
. Is the relationship of science to its apP 


tions in the field of the social studies Lier 

and close-knit to include many illustrati? 

of: hools; 

l. How science is applied to home, $C am 
community, community helpers 
services, clothing, food, shelter? 

2. How science has influenced history W 
inventions, etc,? 


ith 


ms; 

3. Tic-up with geography as land for 
etc.? Itural 
^. Applications with various radit 


H u 

groups and relations to the cult Bi 

: ication, etc: 
transportation, communication, 


VI. PROVISIONS FOR AND TYPE OF EXPERIMENTS 

A. Are 
teacher-dominated? 

l. Experiments must be easy to set up and 
control. 

2. Experiments must require only simple 
and easy-to-get materials. 

B. Are the experiments preceded by a com- 
plete understanding of what is to be found 
out? 

C. Is provision made for guiding the learner 
in generalizing observations and results? 


the experiments child-centered, not 


PUBLISHERS' SCOPE AND SEQUENCE 
CHARTS 


Allyn and Bacon, Inc., 150 Tremont St., Bos- 
ton 11, Mass. 

Ginn and Company, Statler Office Building, 
Boston 17, Mass. 

D. C. Heath and Company, 285 Columbus Ave., 
Boston 16, Mass. 

Holt, Rinehart and Winston, 383 Madison Ave., 
New York 17, N.Y. 


PUBLISHERS’ SCOPE AND SEQUENCE CHARTS 


J. B. Lippincott Company, 333 West Lake St., 
Chicago 6, Ill. 

The Macmillan Company, 60 Fifth Ave., New 
York 11, NY. 

Rand McNally and Company, 8255 Central 
Park Ave., Skokie, Ill. 

Scott, Foresman and Company, 433 East Erie 
St., Chicago 11, Ill. 
Charles Scribner's Sons, 

York 17, N.Y. 
L. W. Singer Company, 249 West Erie Blvd., 
Syracuse 2, N.Y. 


597 Fifth Ave., New 


Scope and sequence charts on 
conservation 


Indiana Department of Conservation. Scope 
and sequence chart for teaching conservation 
in Indiana schools, grades 1-12. May 1959. 
Printed. 

Ohio Department of Education. Chart for the 
development of basic conservation concepts in 
the elementary grades. 1958. Printed. 
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Films and filmstrips 


Inasmuch as films and filmstrips are in pro- 
duction constantly, no listing can be complete, 
and price quotations may vary. Teachers are 
therefore advised to obtain catalogs from dis- 
tributors and to consult local film libraries, 

The film or filmstrip may be shown in its en- 
tirety, or a particular Part of it may be used. 
The teacher may stop the film from time to time 
to permit questions and discussion or even rerun 
a section for closer examination. 


DIRECTORY OF DISTRIBUTORS 


AEC U.S. Atomic Energy Commission, Picto- 
rial Public Information Service, Washington 
25, D.C. 

Academy Academy Films, 800 N, Seward St, 
Hollywood 38, Calif. 

AlmanacFlms Almanac Films, Inc., 516 Fifth 
Ave., New York 36, N.Y. 

AmerPetrolinst American Petroleum Institute, 
50 W. 50th St., New York 20, N.Y, 

AmerSocMetals American Society for Metals, 
Metals Park, Novelty, O. 

Assn Association Films, Inc., 347 Madison 
Ave., New York 17, N.Y. Branch Offices in 
Ridgefield, NJ; La Grange, Il, San Fran- 
cisco, Calif., Dallas, Tex. 

Atlantis Atlantis Productions, Inc., 7967 Sun- 
set Blvd., Hollywood 46, Calif. 

Audubon National Audubon Society, Photo 
& Film Dept., 1130 Fifth Ave., New York 28, 
N.Y. 

AV-ED AV-ED Films, 7934 Santa Monica 
Blvd., Hollywood 46, Calif. 

AVSchServ Audio-Visual School Service, 114 
E. 31st St., New York 16, N.Y. 
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Avis Avis Films, P.O. Box 643, Burbank, 
Calif. 

Bailey Bailey Films, Inc., 6509 De Longpre 
Ave., Hollywood 28, Calif. 

Bar Arthur Barr Productions, 1265 Bresee 
Ave., Pasadena, Calif. 

BellTel Bell Telephone System. Apply to re- 
gional offices, 

Brandon Brandon Films, Inc., 200 W. 57th St., 
New York 19, N.Y, i 
BurCommResearch Bureau of Communication 

Research, Inc., 13 E. 37th St., New York 16, 
N.Y, g 
BurMines U.S, Bureau of Mines, Graphic 

Services Section, 4800 Forbes St., Pittsburgh 
13, Pa. 
Burns G. C. Burns Productions, 17160 Tulsa 
St., Granada Hills, Calif. —À 
BurSportFish Bureau of Sport Fisheries ^ 
Wildlife, Wildlife Service. Offices in A 
buquerque, N.M., Atlanta, Ga., Boston, 
Mass., Minneapolis, Minn., Portland, n 
CanNFB National Film Board of Canada, 6 
Fifth Ave., Suite 819, New York 19, i 
Capital Capital Film Service, 224 Abbott Rd» 
East Lansing, Mich. d 
Carousel Carousel Films, Inc., 1501 Broa 
way, New York 36, N.Y. " 
Churchill Churchill-Wexler Film Productions, 
801 N. Seward St., Los Angeles 38, Calif. w. 
Contem Contemporary Films, Inc., 267 
25th St, New York 1, N.Y. (5 E 
Coronet Coronet Instructional Films, 65 E- 
South Water St., Chicago 1, Ill. 1319 
Curriculum Curriculum Materials Corp., 


~AS dI 
Vine St, Philadelphia 7, Pa, Ofise © 
Jackson, Miss., Raleigh, N.C., Tujun& 
Calif. 


DeKalbAgr De Kalb Agriculture Association, 
Inc., Education Dept., De Kalb, Ill. 

DeRoche Louis de Rochemont Associates, Film 
Library, 267 W. 25th St., New York 1, N.Y. 

Disney Walt Disney Productions, Educational 
Film Dept., 2400 W. Alameda Ave., Burbank, 
Calif. 

DoAlICo DoAll Co., 254 N. Laurel Ave., Des 
Plaines, Ill. 

DouglasAir Douglas Aircraft Co., Inc., Adver- 
tising Film Services, 3000 Ocean Park Blvd., 
Santa Monica, Calif. 

Dowling Pat Dowling Pictures, 1056 S. Robert- 
son Blvd., Los Angeles 35, Calif. 

EBF Encyclopaedia Britannica Films, Inc., 
1150 Wilmette Ave., Wilmette, Ill. Branch of- 
fices in Atlanta, Ga., Dallas, Tex., Hollywood, 
Calif., Minneapolis, Minn., New York, N.Y., 
Portland, Ore. 

EducTest Educational Testing Service, 20 Nas- 
sau St., Princeton, N.J. Branch office in Los 
Angeles, Calif. 

EyeGate Eye Gate House, Inc., 146-01 Archer 
Ave., Jamaica 35, N.Y. 

FieldTrip Field Trip Films, Pittsburg, Calif. 
FilmAssoc Film Associates of California, 11014 
Santa Monica Blvd., Los Angeles 25, Calif. 
Filmscope Filmscope, Inc., Box 397, Sierra 

Madre, Calif, 

Ford Ford Motor Co., Motion Picture Dept., 
The American Rd., Dearborn, Mich. Librar- 
ies in Oakland, Calif., and New York, N.Y. 

FosterFlms Foster Films, 6 Kneeland Ave., 
Binghamton, N.Y. 

Gateway Gateway Productions, Inc., 1859 
Powell St., San Francisco 11, Calif. 

GenPicProd General Pictures Productions, Inc., 
621 Sixth Ave., Des Moines 9, Ia. 

Grover Grover-Jennings Productions, Inc., 
P.O. Box 303, Monterey, Calif. 

Hilf Earl L. Hilfiker, 284 Somerhire Dr., 
Rochester 17, N.Y. 

lllNatHist Illinois Natural History Survey, 189 
Natural Resources Bldg., Urbana, Ill. 

Indu Indiana University, Audio-Visual Cen- 
ter, Bloomington, Ind. 

InstrFims Instructional Films, Inc. See Encyclo- 
Paedia Britannica Films. 

9waU State University of Iowa, Bureau of 
Audio-Visual Instruction, East Hall, Iowa 
City, Ia. 


JamHandy Jam Handy Organization, 2821 E. 
Grand Blvd., Detroit 11, Mich. Branch offices 
in Chicago, Ill, Dayton, O., Hollywood, 
Calif., New York, N.Y, 

JohnsonHunt Johnson Hunt Productions Film 
Center, La Canada, Calif. 

KaiserSteel Kaiser Steel Corp., Public Rela- 
tions Dept., Box 217, Fontana, Calif. 
KnowledgeBldrs Knowledge Builders, 

Madison Ave., New York 22, N.Y. 

McGraw-Hill McGraw-Hill Book Co., Text- 
Film Dept., 330 W. 42nd St., New York 36, 
N.Y. 

MarineStudios 
tine, Fla. 

Middleham Ken Middleham Productions, P. 
O. Box 1065, Riverside, Calif. 

MinnFdn Minnesota Foundation, 305 Wilder 
Bldg., St. Paul 2, Minn. 

MinnU University of Minnesota, Audio-Visual 
Education Service, Westbrook Hall, Minne- 
apolis 14, Minn. 

ModernTP = Modern Talking Picture Service, 3 
E. 54th St., New York 22, N.Y. Film libraries 
in most major cities. 

Moody Moody Institute of Science, 11428 
Santa Monica Blvd., Los Angeles 25, Calif. 
NET NET Film Service, Indiana University, 

Audio-Visual Center, Bloomington, Ind. 

NYTimes New York Times, Office of Educa- 
tional Activities, 229 W. 43rd St., New York 
36, N.Y. 

Petite Petite Film Co., 6101 Fremont Ave., 
Seattle 3, Wash. 

Rothschild Rothschild Film Corp., 1012 E. 
17th St., Brooklyn 30, N.Y. 

Science Science Slides Co., 22 Oak Dr., New 
Hyde Park, Long Island, N.Y. 

Shell Shell Oil Co., Public Relations Dept., 50 
W. 50th St., New York 20, N.Y. 

SoilConsService Soil Conservation Service, 
U.S. Dept. of Agriculture, Washington 25, 
D.C. Distributed by state offices. 

Stanbow Stanbow Productions, Inc., Valhalla, 
N.Y. 

Sterling Sterling Educational Films, 6 E. 39th 
St., New York 16, N.Y. 

SterlMovUSA Sterling Movies U.S.A., 100 W. 


Monroe St., Chicago 3, Ill. 
SVE Society for Visual Education, Inc., 1345 


Diversey Parkway, Chicago 14, Ill. 
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Marine Studios, Saint Augus- 
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Tanin Seymour Richard Tanin Films, 6060 
Sunset Blvd., Hollywood 28, Calif. 

TFC Teaching Film Custodians, Inc., 25 W. 
43rd St., New York 36, N.Y. Films may be 
used for classroom purposes only. 

UW United World Films, Inc., 1445 Park Ave., 
New York 29, N.Y. Branches in Atlanta, Ga., 
Chicago, Ill., Dallas, Tex., Los Angeles, Calif., 
Portland, Ore. 

YA Young America Films, Inc., c/o McGraw- 
Hill Book Co., Text-Film Dept., 330 W. 42nd 
St., New York 36, N.Y. 

VirginiaEd Virginia Dept. of Education, Film 
Production Service, State Office Bldg., Rich- 
mond, Va. 

VirginiaPoly Virginia Polytechnic Institute, 
Film Library, Sandy Hall, Blacksburg, Va. 


SELECTED LISTING OF FILMS 
AND FILMSTRIPS 


All the films listed here are sound unless 
otherwise indicated by “si” (silent) or “si/cap” 
(silent-captions). Prices are for purchase unless 
otherwise noted. When both purchase price and 
rental price are given, the purchase price ap- 
pears first. For films listed as free, the school pays 
postal charges only. When films are available in 
both black and white and color, the first price 
refers to black and white, and the second to 


color. The following abbreviations are used 
throughout: 


P = primary S = filmstrip 

el = elementary si silent 

jh =juniorhigh cap = captions 

f =film b&w = black and white 
c = color 


The classroom—a place for daily discovery 

Addition Is Easy (p) (f, b&w, C), Coronet, $50.00. 
$100.00. 

Adventure in Science: The Size of Things (jh) (f, b&w, 
c), FilmAssoc, $60.00 (apply for rental), 
$110.00. 

Arithmetic for Beginners (p) (f, b&w), Bailey, 
$90.00, $4.50 rental. 

Arithmetic Series (p-el) (6 fs, si /cap, c), McGraw- 
Hill, $32.50 set, $6.00 each. 

Arithmetic Without Pencil and Paper (el) (5 f, b&w), 
IowaU, $50.00 each, $2.50 rental each. 
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Better to See You (eyes; p) (fs, si/cap. c), EBF, 
$1.66. 

Borrowing in Subtraction (el-jh) (f. b&w), TFC, 
lease. 

Decimal Fractions (el-jh) (f, b&w, c), Johnson- 
Hunt, $45.00, $90.00. 

Decimals Are Easy (el-jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Division Is Easy (p-el-jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Division of Fractions (jh) (f, b&w), Knowledge- 
Bldrs, $40.00, $2.00 rental. . 

Elementary Biology (jh) (fs, si/cap, b&w), Science 
$3.50. 

Finding Out About Your Body (p) (fs, si/cap, c) 
SVE, $4.50. 

Friction (p) (f, b&w), Gateway, $49.50, $450 
rental. 

Friction (el-jh) (f, b&w), Y A, $45.00. 

Fundamentals of the Nervous System (jh) (f. b&w, €) 
EBF, $90.00, $120.00. 

Gateway to the Mind (jh) (f, b&w), Bell T 
loan. 

Harnessing Solar Energy (jh) (fs, si/cap, c), Me 
Graw-Hill, $6.00. 

How Hormones Control the Body (jh) (fs, si/caP: 
€), McGraw-Hill, $6.00. . 

How Life Began (el-jh) (fs, si, c), Curriculum: 
$3.95. 

How Long Is a Rod? (measurement; el-jh) (fs. 
c), Ford, free. nn 

How to Add Fractions (el-jh) (f, b&w, c), Jo 
sonHunt, $45.00, $90.00. 


el, free 


si, 


How to Change Fractions (el-jh) (f, b&w, m 
JohnsonHunt, $45.00, $90.00. hn- 

How to Divide Fractions (cl-jh) (f, b&w, c), Jo 
sonHunt, $45.00, $90.00. h) (5 

How to Find the Answer (mathematics; jn} 
b&w, c), Coronet, $50.00, $100.00. c) 


How to Multiply Fractions (el-jh) (f, pea 
JohnsonHunt, $45.00, $90.00. n è) 

How to Subtract Fractions (el-jh) (f, bes 
JohnsonHunt, $45.00, $90.00. 

Introduction to Fractions (el-jh) (f, b&w, € 
sonHunt, $45.00, $90.00. 

Introduction to Physics (jh) (f, b&w, €) 
$50.00, $100.00. n € 

Language of Mathematics (el-jh) (f. Bee 
Coronet, $50.00, $100.00. $4.00 

Laws of Motion (jh) (f, c), EBF, $100.00. 
rental. 


Joh?" 


Cor one 


— A" 


Let's Count (p-el) (f, b&w, c), Coronet, $50.00, 
$100.00. 

Lever and the Pulley (jh) (f, b&w), GenPicProd, 
$17.25. 

Life of the Molds (jh) (f, c), Sterl MovUSA, free 
loan. 

Man of Long Ago (el-jh) (fs, si, c), Curriculum, 
$3.95. 

Mathematician and the River (relates problem of 
flood control on the Mississippi; jh) (f, c), 
EducTest, $210.00. 

Meaning of Long Division (el-jh) (f, b&w), EBF. 
$50.00, $2.50 rental. 

Meaning of Percentage (el-jh) (f, b&w), YA, 
$45.00. 

Meaning of Pi (el-jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Measuring Areas: Squares, Rectangles (el-jh) (f, 
b&w, c), Coronet, $60.00, $1 10.00. 

Measuring Simple Areas (el) (f, b&w), Knowl- 
edgeBldrs, $40.00, $2.00 rental. 

Mechanics of Liquids (jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Meet the Human Family (p) (fs, si/cap, c), EBF, 
$1.66. 

Multiplication Is Easy (p-el) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Multiplying Fractions (el-jh) (f, b&w), Knowl- 

Merde $40.00, $2.00 rental. 
usical Notes (jh) (f, b&w), UW, $50.00. 

Nature’s Techniques (jh) (f, b&w), AlmanacFlms, 
$45.00. 

Origin of. Mathematics (jh) (f, b&w), Brandon, 
$50.00, $2.50 rental. 

Our World of Science (p-el) (f, b&w, c), EBF, 

P $60.00, $120.00. 

Fin of Nine (p-el-jh) (f, b&w), YA, $45.00. 

arts of Things (fractions; p-el) (f, b&w), YA, 
$45.00. 

Percent in Everyday Life (el-jh) (f, b&w), Coronet, 
$50.00. 

Percentage (el-jh) (f, b&w, c), JohnsonHunt, 
$45.00, $90.00. 

Seeds of Destruction (conservation; el) (f, b&w), 

" SoilGonsService, free loan. 

ceing the Use of Numbers (p) (10 fs, si/cap, 

s, D» ByeGate, $25.00 set, $4.00 cach. 

tmple Fractions (el-jh) (f, b&w), Knowledge- 

" Bldrs, $40.00, $2.00 rental. 

9mell of Things (p) (fs, si/cap, C) EBF, 
$1.66, 


Story of Dr. Carver (jh) (f, b&w), TFC, lease. 

Subtraction Is Easy (p-el-jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Teen Numbers (p-el) (f, b&w), YA, $45.00. 

Units of Measurement (p) (5 fs, si/cap, c), Mc- 
_Graw-Hill, $5.00 each. 

We Discover Fractions (el-jh) (f, b&w, c), Cor- 
onet, $50.00, $100.00. 

What Are Decimals? (el) (f, c), InstrFlms, $45.00, 
$2.50 rental. 

What Are Fractions? (el-jh) (f, b&w), InstrFlms, 
$45.00, $2.50 rental. 

What Is Four? (p-el) (f, b&w), YA, $55.00. 

You Are Alive (p) (fs, si/cap, c), EBF, $1.66. 

You Have an Idea (p) (f, si/cap, b&w), EBF, 
$1.66. 


Animals in the classroom zoo 


Adventure with Andy (p) (f, b&w, c), McGraw- 
Hill, $60.00, $125.00. 

Animal Fare (p-el) (f, b&w), NET, $3.00 rental. 

Animal Town of the Prairie (el-jh) (f, b&w, c), 
EBF, $60.00, $120.00. 

Animals of Long Ago (el-jh) (fs, si, c), Curricu- 
lum, $3.95. 

Animals of the Polar Regions (el-jh) (fs, si, b&w), 
UW, $3.50. 

Animals Protect. Themselves (p-el) (f, b&w, c), 
Coronet, $60.00, $110.00. 

Badger's Bad Day (p-el) (f, c), Grover, $115.00. 

Cells and Tissues (el-jh) (fs, si, c), UW, $5.00. 

Desert Life Community (el-jh) (fs, si, c), Curricu- 
lum, $3.95. 

Discovery at. Brookfield Zoo (el-jh) (13 f, b&w), 
NET, $4.75 rental each. 

Engineer in a Fur Coat (p-el-jh) (f, c), Hilf, 
$100.00. 

Finding Out How Animals Live (p) (fs, si/cap, c), 
SVE, $4.50. 

Forest Babies (p) (f, c), Grover, $115.00. 

Four Seasons (el-jh) (f, c), CanNFB, $157.50. 

Four Seasons (p-el) (f, b&w), NET, $3.00 rental. 

How Animals Live (p-el) (fs, si/cap, c), EyeGate, 
$4.00. 

How Nature Protects Animals (el-jh) (f, b&w, c), 
EBF, $60.00, $120.00. 

Joey and the Ranger (p-el) (f, c), Tanin, $150.00. 

Looking for Animals (p) (fs, si, c), Curriculum, 


$3.95. 
Meet the Animal Family (p) (fs, si/cap, c) EBF, 
$1.66. 
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Prehistoric Animals (el-jh) (fs, si/cap, c), Mc- 
Graw-Hill, $6.00. 

Robin Redbreast (p-el) (f, b&w, c), EBF, $60.00, 
$120.00. 

Roll Call of the Animals (jh) (fs, si/cap, c), Mc- 
Graw-Hill, $6.00. 

Spearheads in the Sky (p-el-jh) (f, c), Capital, 
$85.00, $3.50 rental. 

Swamp (wildlife conservation; p-el-jh) (f, c), 
MinnU, $95.00. 

Whooping Crane (el-jh) (fs, si/cap, c), Stanbow, 
$5.00. 


Insects and related animals 


Balance in Nature (el-jh) (f, c), Filmscope, 
$170.00. 

Battle of the Bugs (el-jh) (f, c), Middleham, 
$110.00. 

Butterflies and Moths (el-jh) (fs, si, c), UW, $5.00. 

Grass-Blade Jungle (el-jh) (f, c), Bailey, $120.00. 

The Honeybee (p-el-jh) (f, b&w, c), AV-ED, 
$75.00, $150.00. 

Insect Collecting (el-jh) (f, c), Dowling, $135.00. 

Insects (p-el) (f, b&w), NET, $3.00 rental. 

Insect World (el-jh) (f, b&w, c), Rothschild, 
$50.00, $100.00. 

Life Story of a Butterfly (p-el-jh) (fs, si/cap, c), 
Moody, $6.00. 

Voice of the Insect (el-jh) (f, b&w), Carousel, 
$135.00. 

Wonder of Grasshoppers (el-jh) (f, b&w. 


» C) 
Moody, $55.00, $105.00. i 


Life in the water 


Between the Tides (jh) (f, c), Contem, $175.00, 
$7.50 rental. 

Full Fathom Five (el-jh) (f. b&w, c), Sterling, 
$45.00, $110.00. 

How to Make an Aquarium (p) (fs, si/cap, c), Mc- 
Graw-Hill, $5.00. 

Sea Lamprey (jh) (f, b&w), BurSportFish, free 
loan. 

Survival in the Sea (jh) (12 f), NET. 

Underwater Adventure (el-jh) (f), MarineStudios, 
free loan. 

Underwater Reflections (el-jh) (f, c), DoAllCo, 
free loan. 


Vertebrates (Dogfish) (el-jh) (fs, si, b&w), UW. 
$3.50. 


, 
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We Explore the Stream (p) (f, b&w, c), Coronet, 
$60.00, $110.00. 

Wonder of Reproduction (el-jh) (f, b&w, c), Moody; 
$55.00, $105.00. 


Invisible worlds 


Antibiotics — Disease Fighting Champions (jh) (fs, 
si/cap, c), McGraw-Hill, $6.00. 

Big Little Things (p-el) (f, si, b&w), FosterFlms, 
$25.00. 

Microorganisms That Cause Disease (jh) (f. b&w, 
c), Coronet, $60.00, $110.00. 

Our Body Fights Disease (el-jh) (fs, si, C) Mc- 
Graw-Hili, $6.00. Hill 

Salk Vaccine (jh) (fs, si/cap, c), McGraw-t^* 
$6.00. 


What Are Microbes? (p) (fs, si/cap, C); McGraw- 
Hill, $5.00. 


Plants in the classroom garden 


Acres of Science (corn plant; jh) (f, c), DeKalb 
Agr, free loan. 

Alpine Wildflowers (jh) (f, c), Petite, $100.00. 

Audubon Camp of California (jh) (f, c), Audubon, 
$1.00 rental. 

Audubon Camp of Maine (el-jh) (f, si, €)» Audu 
bon, $1.00 rental. 

Audubon Camp of Texas (jh) (f, si, c), Audubo™ 
$1.00 rental. : d 

Audubon Nature Center—Greenwich, Connecticut ( 
jh) (f, si, c), Audubon, $1.00 rental. 

Autumn Is an Adventure (p) (f, b&w, C); Coron 
$50.00, $100.00. 


et, 


s W, 
Classification of Plants (el-jh) (fs, si, €) U 
$5.00. . (fs 
Finding Out About Seeds, Bulbs, and Slips (p) 


si/cap, c), SVE, $4.50. 00. 
Flowerless Plants (el-jh) (fs, si, c), UW, $5. 
Flowers and Inflorescences (el-jh) (fs, si; Sh 

$5.00. 

Growth of Seeds (el-jh) (f, b&w, c), EBF; 
$120.00. 

How Does a Garden Grow? (p-el-jh) ds, 
€), Moody, $6.00. 

How to Collect and Preserve Plants Gh) (fc 

NatHist, free loan. 

Leaves (el-jh) (fs, si, c), UW, $5.00. Mc 
Les Learn About Seeds (p) (fs, si/cap, €^ 

Graw-Hill, $5.00. tal. 

Life of a Tree (p-el) (f, b&w), NET, $3.00 re? 


$60.00; 
si/ caP 


} Jll- 


Meet the Plant Family (p) (fs, si/cap, c), EBF, 
$1.66. 

Miniature Plants of the Desert (el-jh) (fs, si/cap, 
c), Moody, $6.00. 

Parts of a Flowering Plant (el-jh) (fs, si, c), Cur- 
riculum, $3.95. 

Plants (p-el) (fs, si/cap, c), EyeGate, $4.00. 

Plants and Seeds (p-el) (fs, si/cap, c), EyeGate, 
$4.00. 

Springtime of Life (jh) (f, b&w), Knowledge- 
Bldrs, $50.00. 

This Vital Earth Gh) (A), SoilConsServ, free loan. 

Useful Plants (el-jh) (fs, si, c), UW, $5.00. 


Weather 


All Kinds of Weather (el) (fs, si/cap, c), EyeGate, 
$4.00. 

Finding Out About the Clouds (p) (fs, si/cap, 
c), SVE, $4.50. 

Visit to a Weather Station (el) (fs, si/cap, c), Eye- 
Gate, $4.00. 

Weather Changes (p-el) (fs, si/cap, C); EyeGate, 
$4.00. 

Weather Maps and Weather Forecasting (el) (fs, si/- 
cap, c), EyeGate, $4.00. 

What Is Weather? (p) (fs, si/cap, c), EBF, $1.66. 

Wonders of Snow (el) (fs, si/cap, ©), Moody, 
$6.00. 


The earth's surface 


Asbestos—A Matter of Time (jh) (f, c); BurMines, 
free loan, 

Barrel Number One (oil; jh) (f, b&w), AmerPetrol- 
Inst, free loan. 

Birth of an Oil Field (cl-jh) (f, c), Shell, free loan. 

Crude Oil Distillation (jh) (f, b&w), Shell, free 
loan. 

Dismal Swamp (el-jh) (f, c), VirginiaEd, $105.00. 

Earth and Sky (el-jh) (5 fs, si, c) Curriculum, 
$3.95 each. 

Earth and the Sun (p-el) (fs, si/cap, c), EyeGates 
$4.00. 

Earth and the Sun’s Rays (jh) (f, b&w), UW, 
$35.00. 

Earth in Motion (jh) (f, b&w), EBF, $50.00, 
$2.50 rental. 

Earth Is Always Changing (p-el) (fs, si/cap, C), 
EycGate, $4.00. 

Evolution of the Oil Industry (jh) (f, c) BurMines, 
free loan. 


How Metals Behave (jh) (f, c), AmerSocMetals, 
free loan. 

How We Know the Earth's Shape (el-jh) (f, b&w, 
c), FilmAssoc, $60.0C, $110.00. 

Journey into Time (jh) (f, b&w, c), Sterling, 
$75.00, $160.00. 

Minerals (p-el) (f, b&w, c), Gateway, $55.00, 
$110.00. 

Our Planet Earth (p) (fs, si/cap, c), EBF, $1.66. 

Planet Earth (el-jh) (f, b&w, c), AV-ED, $50.00, 
$100.00. 

Primeval Forests (el-jh) (fs, si, c), Curriculum, 
$3.95. 

Project “Mohole” (jh) (f, c), EducTest, $210.00. 

Prospecting for Petroleum (el-jh) (f, c), Shell, free 
loan. 

Putting Sulfur to Work (jh) (fs, si/cap, c), Mc- 
Graw-Hill, $6.00. 

Rocks and Gems (el-jh) (f, b&w, c), AV-ED, 
$50.00, $100.00. 

Rocks for Beginners (el) (f, c), JohnsonHunt, 
$165.00. 

Secrets of a Volcano (el-jh) (f, b&w), Carousel, 
$135.00. 

Story of Fossils (jh) (fs, si/cap, c), McGraw-Hill, 
$6.00. 

Surface of the Earth (jh) (f, b&w, c), AV-ED, 
$50.00, $100.00. 

Volcano (el-jh) (f, b&w), Sterling, $90.00. 

What Is the Earth Made Of? (p) (fs, si/cap, c), 
McGraw-Hill, $5.00. 

What's Inside the Earth? (el-jh) (& b&w, c), Film- 
Assoc, $70.00, $135.00. 

Wonder of Crystals (el-jh) (fs, si/cap, c), Moody, 
$6.00. 

Work of Internal Forces (el-jh) (fs, si/cap, c), 
SVE, $6.00. 

Work of Snow and Ice (el-jh) (fs, si/cap, c), SVE, 
$6.00. 

World in a Marsh (jh) (f, c), McGraw-Hill, 
$250.00. 


The air 


Air (p) (f, b&w), Gateway, $49.50, $4.50 rental. 

Air All Around Us (el-jh) (f, b&w), YA, $45.00. 

Air Pollution, Everyone's Problem Gh) (f, c), Kai- 
serSteel, free loan. 

Oxidation (Lavoisier's experiments; jh) (fs, si/- 
cap, C). McGraw-Hill $6.00. 

Wind at Work (el) (f, c), Dowling, $110.00. 

Work of Wind (el-jh) (fs, si/cap, c), SVE, $6.00. 
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The stars and seasons 


Ages of Time (jh) (f, c), Assn, free loan. 
Building a Telescope (el-jh) (f, b&w), FieldTrip, 
$55.00. 
Clocks and Time (p-el) (f, b&w), NET, $3.00 
rental. 
Day and Night (jh) (f, b&w), UW, $45.00. 
Eclipse (jh) (f, b&w), AlmanacFlms, $45.00. 
Finding Out About Day and Night (p) (fs, si/cap, 
c), SVE, $4.50. 
How We Know the Earth Moves (el-jh) (f, b&w, 
c), FilmAssoc, $60.00, $110.00. 
The Infinite Universe (jh) (f, b&w), Almanac- 
Flms, $45.00. 
Latitude and Longitude (jh) (f, b&w, c), UW, 
$45.00, $90.00. 
Man and the Moon (el-jh) (fs, si/cap, c), EBF, 
$6.00. 
Man Becomes an Astronomer (el-jh) (fs, si/cap, c), 
EBF, $6.00. 
The Moon (jh) (f, b&w), EBF, $50.00, $2.50 
rental. 
Mystery of Time (jh) (f, c), Moody, $340.00. 
Our Earth Is Part of the Solar System (el) (fs, si/- 
cap, c), EyeGate, $4.00. 
The Realm of the Galaxies (jh) (f, c), EducTest, 
$210.00. 
Seasons (p) (4 fs, si, c) Curriculum, $3.95 each. 
The Seasons (el-jh) (f, b&w), TFC, lease. 
The Seasons (jh) (f, b&w), UW, $50.00. 
Seasons and Weather (p) (6 fs, si/cap, c), Mc- 
Graw-Hill, $32.50 set, $6.00 each. 
Seasons Come and Go (p) (fs, si/cap, c), EBF, 
$1.66. 


Seasons of the Year (p-el) (f, b&w, c), 
$50.00, $100.00. 


Solar Family (jh) (f, b&w), EBF, $50.00, $2.50 
rental. 


Coronet, 


Solar System (el-jh) (f, b&w, c 
$100.00. 

Stars and Star Systems Gh) (f, b&w, c), EBF, 
$90.00, $180.00. 

Sun, Earth and Moon (jh) (f, b&w), 
Flms, $45.00, $2.00 rental. 

The Sun’s Family (el-jh) (f, b&w), YA, $45.00, 

This Is the Moon (el) (f, b&w), YA, $45.00. 


What Are the Stars? (el-jh) (fs, si/cap, c), Mc- 
Graw-Hill, $6.00. 


What Causes the Seasons? (el) (f, b&w), YA, 
$45 00. 


What Day Is It? (p) (fs, si/cap, c), EBF, $1.66. 


), Coronet, $50.00, 


Almanac- 
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What Makes Day and Night? (el-jh) (f, b&w), 
YA, $45.00. 

When Night Comes (p) (fs, si/cap, c), EBF, $1.66. 

You and the Universe (p) (fs, si/cap, c). EBF, 
$1.66. 


Water 


Adventuring in Conservation (el-jh) (f, b&w, c) 
IndU, $75.00, $150.00, $5.50 rental. 

Conserving Our Soil and Water (jh) (fs, si/cap, c) 
McGraw-Hill, $6.00. 

Forests (p-el) (f, b&w, c), Gateway, $55.00, 
$110.00. 

Our Part in Conservation (el) (f, b&w, c), Mc- 
Graw-Hill, $65.00, $125.00. 

The Story of Water (history of America through 
its waterways; p-el) (f, b&w), NET, $3.00 
rental. 

Water and Soil (p-el) (fs, si/cap, c), EyeGat® 
$4.00. 

Water of Life (electrolysis of water; el-jh) (b e 
Moody, $6.00 rental. d 
Wealth in the Ocean (el-jh) (fs, si/cap, c) Moocy 

$6.00. T" 

What Makes Things Float? (el-jh) (f, b&w) Bons 
$45.00. 

Wonder of Water (el-jh) (f, b&w, c), Mood»: 
$55.00, $105.00. - 

Work of Ground Water (el-jh) (fs, si/cap, c); S Ves 
$6.00. ) 

Work of Running Water (el-jh) (fs, si/cap, €^ 
SVE, $6.00. 00. 

Work of the Sea (el-jh) (fs, si/cap, c), SVE, $6. 


Chemistry for children o 

Apothecary Shop (p-el) (f, b&w), NET, $30 
rental. 

Solids, Liquids and Gases (el-jh) (f, b&w), 
$45.00. 

What Are Elements and Compounds? (jh) d 
cap, c), McGraw-Hill, $6.00. 


yA, 


si/- 


Food and nutrition 


spurch- 
About the Human Body (el-jh) (f, b&w, c). wo 
ill, $90.00, $6.50 rental; $165.00. >% 
rental. 
Foods (el-jh) (fs, si, b& w), Science, $3.50. 
Fruits (el-jh) (fs, si, c), UW, $5.00. 
Living Things Need Food (el) (fs, si/cap» e 
Gate, $4.00. 


By 


Mouth—Digestion and Respiration (jh) (fs, si, c), 
AVSchServ, free. 

Taste of Things (p) (fs, si/cap, c), EBF, $1.66. 

Touch, Taste and Vision (el-jh) (fs, si, c) UW, 
$5.00. 

You—The Living Machine (el-jh) (f, c). Disney, 
$100.00. 


Breathing 


Heart, Lungs, and Circulation (el-jh) (f, b&w, c), 
Coronet, $60.00, $110.00. 


Sound 


Better to Hear You (p) (fs, si/cap, c), EBF, 
$1.66. 

Exploring Sound (el-jh) (fs, si, c), McGraw-Hill, 
$6.00. 

Fundamentals of Acoustics (jh) (f, b&w), EBF, 
$50.00, $2.50 rental. 

How We See and Hear (el) (fs, si/cap, c), Moody, 
$6.00. 

Nature of Sound (el-jh) (f, b&w, €), Coronet, 
$50.00, $100.00. 

Smell and Hearing (el-jh) (fs, si, c); UW, $5.00. 

Sound (p) (f, b&w), Gateway, $49.50, $4.50 
rental. 

What Is Sound? (el-jh) (f, b&w), YA, $45.00. 


Light and color 


Light and Color (el-jh) (fs, si/cap; C), McGraw- 
Hill, $6.00. 

Light and Heat (p) (f, b&w), Gateway, $49.50, 

ps rental. 

Pus and Shadow (el-jh) (f, b&w), YA, $45.00. 

ra of Color (el-jh) (f, c), Coronet, $80.00. 
ature of Light ( jh) (f, b&w, c), Coronet, $50.00, 
$100.00. 


Fire 


Chemistry of Fire (jh) (f, b&w), BurCommRe- 
" Search, free loan. 
tre on the Land (p-el-jh) (& €) MinnFdn, 
$115.50. 
Forest Fire (p-el) (f, b&w), NET, $3.00 rental. 


Heat 


C : 

ombustion and Combustion Products (jh) (f, b&w), 
L NET, $4.75 rental. 

-earning About Heat (el-jh) (f, b&w), EBF, $54.00. 


Clothing 

Clothes We Wear (p-el) (f, b&w), Churchill, 
$50.00. 

Costumes of Our Country (p-el) (f, b&w), NET, 
$3.00 rental. 

Your Clothing (el-jh) (f, b&w), YA, $57.50. 


Housing 


The Carpenter (p-el) (f, b&w), NET, $3.00 
rental. 


Magnets and Magnetism 


Magnets (p) (6 fs, si/cap, c), JamHandy, $31.50 
set, $5.75 each. 

Working with Magnets (p-el) (fs, si/cap, c), Eye- 
Gate, $4.00. 


Electricity 


Electricity: How to Make a Circuit (p-el) (f, b&w, 
c), EBF, $60.00, $120.00. 

4-H Electric Congress and Conservation Camp (p-el- 
jh) (f, b&w), VirginiaPoly, free loan. 

How Batteries Work (jh) (fs, si/cap, c), McGraw- 
Hill, $6.00. 

How Electricity Is Produced (el) (f, c), Dowling, 
$110.00. 

Nature of Energy (el-jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Using Atomic Energy for Electric Power (jh) (fs, si/- 
cap, C), McGraw-Hill, $6.00. 

Communications 

Living in the 20th Century (el-jh) (fs, si/cap, c), 
EyeGate, $4.00. 

Messages Travel and Are Recorded (el) (fs, si/cap, 
c), EyeGate, $4.00. 


Atoms and radioactivity 


Atomic Energy (jh) (fs. si/cap, b&w), Science, 
$3.50. 

Atoms and Molecules (el-jh) (fs, si/cap, c), Mc- 
Graw-Hill, $6.00. 

Atom and Biological Science (jh) (f, b&w), 
free loan. 

The Eternal Cycle (jh) (f, b&w), AEG, free loan. 

Fallout Atom (jh) (f, b&w), Carousel, $135.00, 
$15.00 rental. 

Living with the Atom (jh) (f, c). Moody, $200.00. 

Man Discovers the Atom (el-jh) (fs, si/cap, C). 
EBF, $6.00. 


AEC, 
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Matter and Energy (jh) (f, b&w, c), Coronet, 
$50.00, $100.00. 

Our Friend the Atom (el-jh) (fs, si/cap, c), EBF, 
$6.00. ‘ 

Science Opens New Doors (el-jh) (fs, si/cap, b&w), 
NYTimes, $2.50. 

Waves of the Future (radio and radar waves; jh) 
(f, b&w), Carousel, $135.00. 


Simple machines and engines 


Energy (el-jh) (f, b&w), Gateway, $49.50, $4.50 
rental. 

Energy (el-jh) (fs, si/cap, c), AmerPetrolInst, 
free. 

Internal. Combustion. Engine (jh) (fs, si, c), UW, 
$5.00. 

Introduction to Jet Engines (jh) (f, b&w, c), Mc- 
Graw-Hill, $90.00, $175.00. 

Machines (p) (f, b&w), Gateway, $49.50, $4.50 
rental. 

Machines Do Work (el-jh) (f, b&w), YA, $45.00. 

Machines Help Us Travel (el) (fs, si/cap, c), Eye- 
Gate, $4.00. 

New Roadways (jh) (f, b&w), TFC, lease. 

Physics and Fire Engines (el) (f, c), Avis, $110.00. 

Simple Machines (el) (fs, si/cap, c), EyeGate, 
$4.00. 

Simple Machines Make Work Easier Gh) (fs, si/- 
cap, c), McGraw-Hill, $6.00. 


Gravity and space travel 


Down to Earth (jh) (f, c), ModernTP, free loan. 

Earth Satellite, A Man-made Moon Gh) (£s, si/cap, 
c), McGraw-Hill, $6.00. 

Exploring Space (rockets; jh) (f, b&w, c), De- 
Roche, $100.00, $175.00. 

Exploring Space (photographed in Hayden Plan- 
etarium; jh) (f, b&w), TFC, lease. 

Eyes in Outer Space (weather satellites; jh) (f, C), 
Disney, $250.00. 
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Flight Around the Moon (el-jh) (fs, si/cap, C) 
EBF, $6.00. 

Flight into Space (el-jh) (fs, si/cap, c), EBF, 
$6.00. 

Flight to Mars (el-jh) (fs, si/cap, c), EBF, $6.00. 

Force and Motion (jh) (f, b&w, c), Coronet, $50.00, 
$100.00. 

Force of Gravity (el) (f, b&w), YA, $45.00. 

Gravity (jh) (f, b&w, c), Coronet, $50.00, 
$100.00. 

How Vast Is Space? (jh) (f, c), Atlantis, $200.00, 
$10.00 rental. 

Isaac Newton (jh) (f, b&w, c), Coronet, $75.00 
$137.50. 

Man in Space (el-jh) (fs, si/cap, c), EBF, $6.00. 

Reaching for the Moon (el-jh) (f, b&w), Carousel, 
$135.00. 

Space and Space Travel (el-jh) (4 fs, si/cap, e) 
SVE, $21.60 set, $6.00 each. 


Flight 


Airplanes: Principles of Flight (el-jh) (f, b&W, 2 
Coronet, $60.00, $110.00. 

Big Reach (U.S. Air Force lunar probes; el-jh) (f 
b&w, c), DouglasAir, free loan. 

Jet Age Flight Gh) (fs, si/cap, c), SVE, $1.00. 

Jet Propulsion and Gas Turbines (jh) (fs, si, c); UW, 
$5.00. 

Man in Flight (adapted from Disney film of same 
title; aviation in the twentieth century; el-jh) 
(fs, si/cap, c), EBF, $6.00. 

Man Learns to Fly (adapted from Disney film Mn 
in Flight; history of flight prior to the airplane 
el-jh) (fs, si/cap, c), EBF, $6.00. 

Science of Flight (el) (f, c), Burns, $110.00. 


Working with science materials 

Finding Out How Things Change (p) (fs, si/CcaP» ©} 
SVE, $4.50, - 

Science and Superstition (el-jh) (f, b&w, c), cos 
net, $50.00, $100.00. 


Directory of manufacturers, 


distributors, and supply houses 


Several companies provide general supplies 
and equipment for all areas of science. Such sup- 
plies include apparatus, instruments, ironware, 
glassware, rubber and plastic materials, chemi- 
cals, models, live and preserved specimens, and 
charts. Other companies provide specialized 
Supplies and equipment. All of them will send 
Catalogs on request. Many companies and insti- 
tutions will also make available useful free or in- 
expensive booklets, charts, films, filmstrips, etc. 
The teacher should discourage individual stu- 
dents from sending for these items, however, to 
avoid straining the companies’ public relations 
Policies, 
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Allied Radio Corp., 833 N. Jefferson Blvd., Chi- 
cago 7, Ill. Radio equipment, meters, etc. 

America Basic Science Club, 501 E. Crockett, 
San Antonio 6, Tex. Kits and manuals on 
Projects in physics. 

Baker Science Packets, 650 Concord Dr., Hol- 
land, Mich. Card file of 153 indexed science 
experiments. 

Cambosco Scientific Co., 37 Antwerp St. 
Brighton 35, Mass. General. 

Carolina Biological Supply Co., Elon College, 
N.C. Biological apparatus, supplies, living 
and preserved specimens. Models, charts. 

Castolite Co., Woodstock, Ill. Plastics for im- 

! bedding and molding. 

Central Scientific Co., 1700 Irving Park Rd., 
Chicago 13, Ill.; 79 Amherst St., Cambridge 
42, Mass.; 6446 Telegraph Rd., Los Angeles 


22, Calif. Hobby kits for electronics, medicine, 
geology, optics, weather. General. 

John Cunningham, 23280 Mobile St., Canoga 
Park, Calif. Monthly packets containing 
equipment, specimens, chemicals. 

Denoyer-Geppert Co., 5235-39 Ravenswood 
Ave., Chicago 40, Ill. Biological models, 
charts on biology and astronomy. 

Difco Laboratories, Inc., Detroit 1, Mich. Cul- 
ture media and reagents. 

Eastman Kodak Co., Rochester, N.Y. Photo- 
graphic supplies, equipment, and literature. 

Edmund Scientific Corp., Barrington, NJ. 
* America's greatest optical marketplace.” 

Ronald Eyrich, 1091 N. 48th St., Milwaukee 8, 
Wisc. Alnico permanent magnets. 

Fischer Scientific Co., 717 Forbes St., Pittsburgh 
19, Pa.; 635 Greenwich St., New York 14, 
N.Y. Molecular models, general. 

General Biological Supply House, 8200 S. 
Hoyne Ave., Chicago 20, Ill. Biological ap- 
paratus, supplies, living and preserved speci- 
mens, models, charts. 

A. C. Gilbert Co., New Haven, Conn. Gilbert 
toys, including microscope sets, tool cabinets, 
model telephone and electric construction 
sets, chemical labs. 

C. S. Hammond Co., Maplewood, N.J. Space 
and weather kits, color maps. 

Heath Co., Benton Harbor, Mich. “Build-it- 
yourself” electronic instrument kits. 

“Industrial America,” Inc., Merchandise Mart 
Plaza, Chicago 54, Ill. Educational hobby kits 
on physiology, light, meteorology, mineral- 
ogy, electronics. 
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Los Angeles Biological Laboratories, 2977 W. 
14th St., Los Angeles, Calif. Biological appa- 
ratus, supplies, living and preserved speci- 
mens, models, charts. 

Macalaster-Bicknell Co., 253 Norfolk St., Cam- 
bridge 39, Mass. General. 

Models of Industry, Inc., 2100 Fifth St., Berke- 
ley, Calif. Three handbooks and 200 essential 
pieces of equipment for 80 activities beginning 
in primary grades. In three parts, complete 
for use in three separate classrooms. 

Mountcastle Map Co., 1437 E. 12th St., Cleve- 
land, O. Markable maps and charts. 

National Audubon Society, 1130 Fifth Ave., 
New York 28, N.Y. Inexpensive nature charts 
and bulletins. 

Nature Games, 8339 W. Dry Creek Rd., Healds- 
burg, Calif. Card games using colorful, au- 
thentic pictures of scientific names. 

A. J. Nystrom and Co., 3333 Elston Ave., Chi- 
cago 18, Ill. Biological models; charts on 
health, biological sciences, general science, 
atmosphere, and weather, 

Product Design Co., 2769 Middlefield Rd., Red- 
wood City, Calif. Kits for teaching electricity, 
chemistry, physics, conservation. Working 
models for student experiments. 

Revell Co., Venice, Calif, Models of atomic 


power plants, nuclear submarines, space sta- 
tions. 


Ross Allen’s Reptile Institute, 
Fla. 

Harry Ross, 70 W. Broadway, New York 7, N.Y. 
Microscopes and telescopes; science and labo- 
ratory apparatus. 

E. H: Sargent and Co., 155 E. Superior St., Chi- 
cago, Ill. General. 

Science Associates, P.O. Box 216, Princeton, 
NJ. Special instruments and teaching aids for 
meteorology, astronomy, optics, and earth sci- 
ences. 

Science Electronics, Inc., P.O. Box 237, Hunt- 
ington, N.Y, "Breadboard"-type kits for 
teaching radio, electricity, electronics. 

Science Kit, Box 69, Tonowanda, N.Y. Standard 
laboratory equipment, teacher's manual, as- 
tronomy manual and star chart. 

Science Materials Center, Div. of Library of Sci- 
ence, 59 Fourth Ave., New York 3, NY 
Equipment, teaching aids, portable labs, sup- 
plementary books and records. 


Silver Spri ngs, 
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Standard Oil of Calif., Public Relations, 225 
Bush St., San Francisco 20, Calif. Catalog of 
free teaching materials and services. . 

Stansi Scientific Co., 1231 N. Honore St., Chi- 
cago 22, Ill. Teaching kits in electricity and 
electronics. Science kits for elementary school. 
General. 

Taylor Instrument Co. Rochester, N.Y. 
Weather and temperature instruments. 

Things of Science, Science Service, 1719 N St, 
N.W., Washington 6, D.C. Monthly kits on 
various subjects. 

Tracerlab, Inc., 130 High St., Boston 10, Mass. 
Radioactivity apparatus. 

Training Aid Studio, 2121 S. Josephine, Denver 
10, Colo. Felt-O-Graph classroom aids: geol- 
ogy, coal and oil mining, airplane and rocket 
parts, biological cells. 

Ward's Natural Science Establishment, Inc., 
P.O. Box 24, Beechwood Sta., Rochester 9, 
N.Y. Teaching aids, charts, equipment, geol- 
8y specimens, and other materials for bio- 
logical, natural, and earth sciences. 

W. M. Welch Manufacturing Co., 1515 N. 
Sedgwick St., Chicago 10, Ill. General. 

Weston Electrical Instrument Corp., 614 Fre- 
linghuysen Ave., Newark, NJ. Electrical in- 
struments. 

Wilkens-Anderson Co., 4525 W. Division St» 
Chicago 51, Ill. Semimicro apparatus and 
equipment for chemistry. 
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Many compilations of free and inexpensive 
materials have been published to meet the con 
stant search of teachers for classroom aids. For 
those teachers who will want to go beyond He 
directory, we have added a short bibliographY 
of publications, 


Beuschlein, Muriel, Free and Inexpensive Materials 
Sor Teaching Conservation and Resource- Use, + 
tional Association of Biology Teachers, i£ 
Box 2073, Ann Arbor, Mich., 1954. 50 PP- 
~ and J. Sanders, “Free and Inexpensive 
Teaching Materials for Science Education, 
Chicago Schools Journal, Vol. 34, Nos. 9» ^ 
1953. Available as reprint. “dren 
Cardoza, P., A Wonderful World for Childre™ 
Bantam, 1956. $1.50. 
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Choosing Free Materials for Use in the Schools, Na- 
tional Education Association, Washington, 
D.C., 1955. 24 pp., 50c. Issued by the Ameri- 
can Association of School Administrators. 
Standard for choosing the most valuable free 
materials and for eliminating materials that 
contain obvious advertising or biased infor- 
mation. 

Conservation Teaching Aids, Michigan Dept. of 
Conservation, Education Division, Ann Ar- 
bor, Mich., 1951. 

Educators? Progress Service A nnual, Educators’ 
Progress Service, Randolph, Wisc. Yearly re- 
vision. Guide to free curriculum materials. 

Fowlkes, John G., et al., Elementary Teachers" 
Guide to Free Curriculum Materials, Educators' 
Progress Service, Randolph, Wisc. 348 pp., 
$6.50. 

Free and Inexpensive Instruction A ids, Bruce Miller 
Publishers, Box 369, Riverside, Calif. 

Free and Inexpensive Learning Materials, George 
Peabody College for Teachers, Nashville 5, 
Tenn., 1960. $1.50. 

General Motors Aids to Educators, General Motors 
Corp., Willow Run, Mich., 1956. 

Health Materials and Resources for Oregon Teachers, 
State Dept. of Education, Salem, Ore., 1955. 

Hobby Publications, Superintendent of Docu- 
ments, U.S. Govt. Printing Office, Washing- 
ton 25, D.C. 

Holland, C., Free and Inexpensive Teaching Aids for 
High Schools, National Association of Second- 
ary School Principals, NEA, 1201 Sixteenth 
St., N.W., Washington 6, D.C., 1949. $1.00. 

Hough, John B., ed., Something for Nothing for 
Your Classroom, Curriculum Laboratory, Div. 
of Secondary Education, Temple Univ., Phil- 
adelphia 22, Pa., 1957. $1.00. 

Phillips, Brose, Index to Free Teaching Aids, Free 
Teaching Aids Co., Harrisburg, Ill. 

Salisbury, Gordon, and Robert Sheridan, Cata- 

log of Free Teaching Aids, P.O. Box 943, River- 
side, Calif. $1.50. 


Science Service Aids to Youth, Science Service, 1719 
N St., N.W., Washington 6, D.C. 

Sources of Free and Inexpensive Educational Materials, 
Field Enterprises, Merchandise Mart Plaza, 
Chicago 54, Ill., 1958. $5.00. 

Sources of Free and Inexpensive Materials in Health 
Education, Curriculum Laboratory, Teachers 
College, Temple Univ., Philadelphia 22, Pa., 
1954. 25c. 

Sources of Free and Inexpensive Pictures for the Class- 
room, Bruce Miller Publishers, Box 369, River- 
side, Calif., 1956. 50¢. 

Sources of Free and Low-Cost Materials, Civil Aero- 
nautics Administration, U.S. Dept. of Com- 
merce, Washington 25, D.C. 

Sponsors Handbook, Science Service, 1719 N St., 
N.W., Washington 6, D.C., 1957. 25c. 

Teaching Aids, Westinghouse Electrical Corp., 
School Service, 306 4th Ave., Pittsburgh 30, 
Pa. 

Thousands of Science Projects, Science Service, 1719 
N St., N.W., Washington 6, D.C., 1957. 25c. 

Using Free Materials in the Classroom, Association 
of Supervision and Curriculum Development, 
NEA, 1201 Sixteenth St., N.W., Washington 
6, D.C., 1953. 75c. 

Vertical File Index, H. W. Wilson Co., New York, 
N.Y. Monthly publication devoted to listings 
of inexpensive materials (not intended to be 
a complete listing of all pamphlet material). 

Weisinger, M., /00/ Valuable Things Free, Ban- 
tam, 1957. 

Williams, C., Sources of Teaching Materials, Bureau 
of Educational Research, Ohio State Univ., 
Columbus, O., 1955. 

Wittich, W. A., and G. L. Hanson, Educators’ 
Guide to Free Tapes, Scripts and Transcriptions, 
Educators’ Progress Service, Randolph, Wisc. 

Worksheets for Use in Constructing Science Equipment, 
Los Angeles County Superintendent of 
Schools, January, 1955. 40 pp. Illustrated 
worksheets with lists of materials and con- 


struction directions. 
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Numbers in italics indicate pages bearing illustrations. No separate listing is given for related text on the 


same page. 


Acceleration-deceleration, of space ship, 446 
Acetone, 294, 295 
storage of, 479 
Acid, litmus test for, 202 
Action-reaction, 427-30 
Adhesion, defined, 187 
Adhesive tape stain, removal of, 323 
Adobe house, 326 
Aerodynamics, 454-61 
Agassiz, Louis, 496 
Aggregates, soil, 125 
Aileron, 458, 459 
Air, 130-32 
buoyancy of, 460 
carbon dioxide in, 147-48 
composition of, 147-48, 273 
convection currents in, 305-07 
dust in, 148 
exhaled, 229, 230 
expanded by heat, 288 
films and filmstrips on, 529 
for fire, 272-73 
gases in, 147-48 
inhaled, 229 
moving, behavior of, 141-44 
nitrogen in, 147, 273 
oxygen in, 147, 228, 230, 273 
sound transmitted by, 235 
in water, 146 
water vapor in, 148, 230 
weight of, 460 
work done by, 144-46 
Air conditioning, 312 
Air pressure, 132-35 
boiling point determined by, 297-98 
and climate, 100-01 
demonstration of, 133-35, 491 
effect on water, 135-38 
equality of, in all directions, 135 
on human body, 225-27 
increase of, with increasing volume, 135 
reduction of, experiments in, 138-41 
at sea level, 132 
Air resistance, 451-52 


Airfoil, 456-58 

Airplane, 440, 456, 457 
control of, 459-60 
model, 458, 459 

Alcohol, boiling point of, 295 
evaporation of, 321 
safe handling of, 479 
as stain remover, 323, 324 

Aldebaran, 175 

Alfalfa, 81, 87 

Algae, 49, 50, 52, 53, 54, 55, 66, 67, 73 
as food, 59 


Algol, 175 
Alimentary canal, 2/2 
Alkali, 204-05 

litmus test for, 202 
Alnico, 337 
Alpha particles, 406 
Altair, 175 
Altitude sickness, 231 
Alum, 283 


Aluminum, 205, 330, 331 
Alveoli, 227, 230 
Ammonia, 169, 199, 202, 204, 216, 324 
Ammonium chloride, 199, 375 
Ammonium phosphate, 283 
Ammonium sulfate, 283 
Amoeba, 72, 73 
Amphibians, 50 
as classroom pets, 10-11 
Amplifier, 238 
Anacharis, 48 
Andromeda, 170, 176 
Anemometer, 107-09 
Aneroid barometer, 100-01 
Anesthetics, 22 
Angle of incidence, 248, 249, 250 
Angle of reflection, 248, 249, 250 
Animals, in classroom, 3-16 
aquarium for, 8, 9 
cage for, 3-5 
feeding of, 5 
films and filmstrips on, 527-28 
housekeeping for, 5 
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nest boxes for, 5-6 
safe handling of, 478 
water supply for, 5 
collecting, 504-05 
protection of, 498 
See also names of specific animals 
Annealing, 471 
Ant(s), 24-28, 78 
castes in society of, 26-27 
collecting, 26 
eggs of, 26 
food for, 25-26 
larvae of, 26 
observation house for, 24-25 
pupae of, 26 
winged, 27 
Ant lion, 29-30, 3/ 
Antennae, of moths and butterflies, 32, 33 
radio, 397, 399 
television, 397 
Anticline, 112, 113, 774 
Antimony trichloride, 219 
Aphid, 27, 30-31, 78 
Apothecaries’ weights and measures, 508 
Aquarium, 8-10, 46-49, 66-67 
insect, fresh-water, 9, 41, 49 


lake and marsh formation illustrated with, 192 


one-celled animals in, 71, 73 
Aquila, 175 
Arcturus, 157, 175 
Argon, 147 
Aristarchus, 158 
Arm, model of, 2/5 
Armature of motor, 379, 380 
Arrowroot, 55 
Artesian well, 117-18, 191 
Arthropods, 42 
Asbestos fiber, 315, 316 
Asphalt, as building material, 327, 329 
Asteroids, 446 
Astrolabe, 180 
Astronomy, 150 f. 
instruments and techniques in, 177-81 
Atom(s), composition of, 357 
domains of, 344 
films and filmstrips on, 531-32 
models of, 401-03, 406 
nucleus of, 401 
Atomic energy, 403 
Atomic number, 403 
table, 404-05 
Audubon Society, 90 
Auriga, 176, 177 
Avocado, 77, 94 
Avoirdupois weight, 508 


Back swimmer, 40, 49 

Bacteria, 68, 69-70, 87, 227 
Baking powder, 203, 204 
Balance, laboratory, 472-73 
Ball and fire experiment, 490-91 
Ball beering, 422 

Balloon, 460-61 
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Bar, compound, 289 
Barium nitrate, 280-81 
Bark, tree, 89 
Barograph, 101, /02 
Barometer, 100-01 
Basalt, 114 
Base. See Alkali 
Basic Seven food groups, 210, 219 
Bathometer, 185 
Battery, storage. See Storage battery 
Beans, 79, 80, 81 
Becquerel, A. H., 407 
Bechive, observation, 28-29 
Bees, 28-29 
Beetle, 20, 2/, 38, 40, 50 
mounting, 23 
Benedict's solution, 219 
Benzene, formula for, 280 
as stain remover, |, 324 
storage of, 479 
Bergerac, Cyrano de, 441 
“Berlese” funnel, 23-24 7 
Bernoulli’s principle, 142, /43, 454, 455, 456 
Berry stain, removal of, 323 
Beta rays, 406 


Better Teaching Through Elementary Science, 10n. 


Bibliography, for science library, 512-23 
Bicarbonate of soda, 203, 204 
Big Dipper, 172, 173, 174, 176, 177 
Bimetallic strip, 289 
Birds, flight of, 449 

as pets 
Black fly 
Black water snake, 50 
Black widow spider, 43 
Blackwood, P. E., 2 
Bleaching action, 204-05 
Blood, in respiration, 227 

removal of stain, 323 
Blood cells, 70, 71 
Blueprint, 207-08 
Body, human, 215, 293 

Og moss, 54 
Boiling point, of alcohol, 295 

determined by air Pressure, 297-98 

of mercury, 295 

of water, 184, 290, 291, 295, 297 
Bomb, hydrogen, 402, 403 
Bone, eroded by acid, 202 
Borax, 283 
Boric acid, 199, 202, 283 
Boron, 304 
Bort, Léon Teisserenc de, 444 
Brandwein, PRZ 9n., 70n. 
Breast wheel, 192-93 
Breathing, 222-31 

during air travel, 231 

of animals, 222-23 

good air for, 230-31 

of exhaled air, 229 

films and filmstrips on, 531 

and lung models, 223 24 

of plants, 223 


and respiratory system, 227-28 
Breccia, 116 
Breeze, formation of, 309 
Brick, as building material, 327, 328 
Bromine, 59 
Bronchiole, 230 
Brush of motor, 379, 381 
Bryozoans, 50 
Builder magnet, 491 
Bulbs, growing, 75, 77, 93 
Bull frog, 10 
Bulletin board, classroom, 485-87, 491 
Bumble bee, 28 
Buoyancy, 188 
Butterflies, 32, 33-34 
mounting, 23 
Buzzer, operation of, 353, 368, 378, 392-93 


Cactus, 81 
Caddis worm case, 9, 41, 54, 57 
Cage, for insects, 19, 20, 2/ 
pet, 3-5 
for spiders, 20 
Calcium, 211, 220 
Calcium chloride, 199, 281 
Calcium oxide, 69 
Calking compound, 331 
Calories, in food, 214-15 
Calorimeter, 214 
Camera, pinhole, 245 
Campfire, 273, 274, 276 
Camphor, storage of, 479 
Canary, 12 
Cancer (constellation), 171 
Candle, 274, 490 
Capillarity, 187-88 
Capillary tube, making, 471 
Carbohydrates, 206, 211 
Carbolic acid, storage of, 479 
Carbon, in dry cell, 375 
in fuels, 280 
Carbon dioxide, 47, 56, 87, 199 
in air, 147-48 
fire extinguished by, 199, 204, 277, 278 
formula for, 280 
as insect anesthetic, 22 
to make bread rise, 69, 203 
in Mars’s atmosphere, 168 
and mothballs, 204 
production of, 203, 279-80 
in respiration, 227, 228, 229, 230 
test for, 56, 69, 70, 279 
Carbon dioxide cartridge, 430 
Carbonic acid, 87 
Carbon dioxide-oxygen cycle, 55-57 
Carbon tetrachloride, fats recovered with, 217 
for killing insects, 22 
safe handling of, 478 
as stain remover, 322, 323, 324 
in vitamin A test, 219 
Carnation, 89 
Carnotite, 407 


Carpenter ant, 24 
Carpenter bee, 28 
Carrot, cross section of, 66 
Carrot basket, 88 
Cartesian diver, 137-38 
Cartridge, carbon dioxide, 430 
Casein, 216 
Cassiopeia, 173, 174, 176, 177 
Castor, 157 
Caterpillar, of butterfly, 32, 33, 34 
of cecropia moth, 32 
of Isabella tiger moth, 39 
Cattail, 49, 50, 52, 55 
Cecropia moth, life cycle of, 32 
Ceiling of classroom, teacher's use of, 484-85 
Celery stalk, 89 
Cells, dry, 364, 365, 374-75 
of human body, 70, 7/, 478 
leaf, 66-67 
photoelectric, 385-86 
voltaic or “wet,” 373-74 
yeast, 202 
Cement, as building material, 327, 328 
Centigrade scale, 291 
Cepheus, 173, 174, 176, 177 
Ceres, 166 
Chalk, 185 
precipitated, 199-200 
Chameleon, 12 
Charcoal, 206 
making, 270 
storage of, 479 
Charge, electric, 358, 359, 360, 361, 362, 363 
Chemistry, 196-208 
films and filmstrips on, 530 
reactions in, 203-07 
supplies for study of, 207 
and synthetic fibers, 315 
tests in, 198-99, 202 
Chewing gum stain, removal of, 323 
Chicken, incubator for, 13-14 
Chlorine, 196, 197 
bleaching with, 318, 323 
Chlorophyll, 67 
Chloroplasts, 55, 66, 67 
Chocolate stain, removal of, 323 
Chromosphere, 161 
Chronometer, ship's, 181 
Chrysalis, 32, 35, 34 
Chubb meteorite crater, 169-70 
Cicada, 35 
Cilia, 228 
Circuit, electric, 364-65, 366, 368-71, 382-83 
Cladophora, 54, 73 
Clamp, 473 
Classroom, Science Corner in, 2, 487 
teacher’s use of, 482-91 
Cleopatra’s Needle, 179 
Climate, and air pressure, 100-01 
and housing, 326-27 
and humidity, 101-06 
and temperature, 97-100 
Clinitest, 216 
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Clock, 179 
Closterium, 53 
Clothing, 314-24 
care of, 498 
color of, 321-22 
for comfort, 320-22 
films and filmstrips on, 531 
fit of, 321 
stains removed from, 322-24 
weave of, 320 
weight of, 321 
See also Fibers 
Clouds, 105 
Coal tar, storage of, 479 
Cobalt nitrate, storage of, 480 
Coboma, 8 
Cockroach, 34 
Cocoa stain, removal of, 323 
Cocoon, of moth, 32, 34 
Coffee stain, removal of, 323 
Cohesion, defined, 187 
Coil, as magnet, 351-52 
Coke, making, 270 
Colloid, 200 
Color, 264-67 
films and filmstrips on, 531 
Color wheel, 266 
Combustion, 206 
spontaneous, 213, 318 
See also Fire; Flame 
Comet, 169 
Communications, 389-400 
films and filmstrips on, 531 
See also Radio; Telegraph; Telephone; Television 
Commutator, 379, 380 
Compaction, soil, 125 
Compass, making, 347-49 
using, 345 
Compass galvanometer, 294, 371-72 
Compound, mixture differentiated from, 196 
Compound bar, 289 
Compound eyes, of grasshopper, 37 
Compound machines, 420 
Concave lens, 256, 257 
Concave mirror, 254 
Concrete, for foundation of house, 327 
Condensation, caused by cooling, 299-301 
Condenser, variable, 398, 399 
Conduction, of heat, 302-04 
Conductors, of electricity, 381, 382 
Conglomerate rock, 114, 116 
Congreve, William, 432 
Conservation, teaching of, 492-505 
Constellations, 170-71, 172-77 
See also Stars 
Convection currents, 305-07, 333, 334, 335, 483 
Convex lens, 256, 257 
Convex mirror, 254 
Copernican system, /5/ 
Copernicus, Nicolaus, 151 
Copper, as conductor of electricity, 381-82 
Copper chloride, 281 
Copper nitrate, 199 


540 INDEX 


Copper sulfate, 205, 206, 216, 280, 281, 384, 385 
Copperhead, 12 
Copperplating, 384-85 
Coral reef, 58 
Corn, 80, 81 
Cornea, 259 
Cornstarch, 206, 207, 219, 274 
Corona of sun, 161 
Cotton, 314, 3/5 
moisture absorbed by, 320 
storage of, 479 
strength of, 320 
tests for, 316, 317, 318 
Cottonmouth moccasin snake, 50 
Crab spider, 43 
Cranberry, wild, 55 
Crater, meteorite, 169 
Creosote, storage of, 479 
Cricket, 34-35, 38 
cage for, 19 
Croton bug, 34 
Crystal radio set, 398-99 
Crystals, formation of, 116, 117, 185, 490 
microscopic, 73 
cubic measure, English, 507 
metric, 508 
Curie, Marie, 407 
Current, electric. See Electric current 


Dace, 8 
Dacron, 315, 320 
strength of, 320 
Damsel fly, 39 
larvae of, 39, 49 
nymph of, 9 
“Dancing spring,” 352 
Darwin, Charles, 6, 28 
Day, shown on globe of world, 153 
solar, 179 
DDT, 22 
“Dead reckoning,” 180 
Deciduous tree, 91, 92 
DeKay’s snake, 11 
Density, of water, 185 
Depth gauge, homemade, 191 
Desmids, 53, 55 
Detector, crystal diode, 398, 399 
Detergent, 200, 201 
Deuterium, 401, 402 
Dew point, 300, 301 
Diaphragm, 224, 225 
Diatoms, 52, 53, 67, 73 
Diffraction grating, 264 
Diffuse reflection, 247 
Digestion, 211-13 
Dipper, 172, 173, 174, 176, 177 
Dirigible, model, 461 
Distillation, 186, 301-02 
Distributors, directory of, 533-34 
Diving beetle, 40, 50 
Diving bell, 136-37 
main, of atoms, 344 
“Doodlebug,” 29-30, 3/ 


———— _s 


Doorbell, ringing, 368 
Draco, 173, 174, 177 
Drag, in aerodynamics, 458-59 
Dragonfly, 35, 40, 42 
body castings of, 57 
larvae of, 41, 49 
nymph of, 9, 57 
Drainage facilities, for laboratory, 472 
Drilling, of glass, 469 
of sheet metal, 465 
Drinking fountain, for chickens, 138 
Dry cells, 364, 365, 374-75 
connected in parallel, 369-70 
connected in series, 369 
Dry-fuel rocket, 431 
Dry ice, 199, 277, 294, 295 
Dry measure, 507 
Duckweed, 50, 52, 55 
Dulse, Irish, 59 
Dust, in air, 148 
Dust explosion, 206 


Earth, axis of, 155, 157 
and constellations, 172 
distance from moon, 160, 164 
distance from sun, 157 
films and filmstrips on, 529 
gravity of, 434-44 
latitudinal positions found on, 179-81 
longitudinal positions found on, 181 
as magnet, 346-47 
orbit of, diameter of, 160 
poles of, 346-47 
revolution of, 155-57 
rotation of, 151-54 
Earthquake, 113 
Earthworm, 6, 119, 123 
Echo, 239 
Eclipse, lunar, /60, 164-65 
solar, 160-62 
Ecology, 500-01 
Edmund Scientific Company, 264 
Eelgrass, 50, 55 
Effort, in mechanics, 411 
Eggs, ant, 26 
frog, 10 
fruit fly, 36 
hen, 14 
leaf miner, 41 
leaf roller, 41-42 
midge, 54 
salamander, 10, 11 
silkworm, 21 
snail, 57 
spider, 44 
toad, 10 
Electric current, 363-77 
and circuit, 364-65, 366, 368-71 
conducted by water solution, 384 
detecting, 371-73 
and magnetic field, 349-53, 376-77 
produced by chemical reaction, 373-76 
safety rules for handling, 477 


switches for, 365-68 
Electric fan, 141-42, 143 
Electric lamp, 381 
Electric motor, 348-49, 377-81 
Electric test tube heater, 471-72 
Electricity, 357-87, 491 
and battery, 373-76 
conductors of, 381, 382 
copperplating with, 384-85 
current. See Electric current 
films and filmstrips on, 531 
from heat, 385 
from light, 385 
and model of street lighting system, 386 
nonconductors of, 381, 382 
permanent magnets made with, 343 
and question-and-answer board, 386-87 
safety factors in use of, 382-84 
static, 358 
work done by, 377-81 
See also Electrostatics 
Electrolysis, 197 
Electromagnet, 352-53, 379, 380 
Electromagnetic waves, 397 
Electrons, 357, 358, 359, 360, 361 
in atomic model, 401 
detectors of, 362-63 
flow of, 363-64, 365 
number of, by element (table), 404-05 
Electroscope, 362-63 
Electrostatics, 357-63 
Element(s), atomic number of (table), 404-05 
defined, 196 
flame colors of, 198-99 
Elevator, of airplane, 458, 459 
homemade, 419 
Elodea, 8, 48, 53, 66 
Emulsion, 200 
Energy, atomic, 403 
human, conserved at school, 498, 500 
Engines, 424-32 
films and filmstrips on, 532 
Hero, 424-25, 428-29 
jet, 431-32 
rocket, 431-32 
steam, 425-27 
Enzymes, 219 
Epithelial cells, 70, 77, 478 
Equivalents in English and metric systems, 509 
Erosion, 119-24 
agents of, 121, 122-23 
contraction as force in, 123, 124 
expansion as force in, 123, 124 
sheet, 119-20 
and soil cover, 121-22, 494, 498 
splash, 122 
Escape velocity, 435 
Euglena, 72, 73 
Evaporation, 109, 110, 186 
as cooling process, 298-99, 321 
Evergreens, 92 
Exercise wheel, for mammal pets, 15 
Exhibit, classroom, 487, 488 
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Exosphere, 44+ 

tinguisher, fire, 278-79 

Eyeglasses, 262 

Eyelid, 259 

Eyes, blind spot in, 260 , 
compound, of grasshopper, 37 
defects of, 26/, 262 
likened to camera, 259-60 
working of, 258-62 


Fabrics. See Clothing; Fibers 
Fahrenheit scale, 290, 291 
Fan, electric, 141-42, 143 
Farmaster Automatic Temperature Control, 13 
Farsightedness (hypermetropia), 26/, 262 
Fats, 211 
tests for, 217 
Fault, in rock layer, 113, //4 
Feathers, collecting, 504-05 
Feldspar, 115, 117 
Ferns, 67 
Fibers, 314-20 
animal, 315 
kinds of, 314-16 
plant, 314-15 
properties of, 318-20 
resistance of, 318-19 
strength of, 319-20 
synthetic, 315-16 
tests for, 316-18 
water absorption by, 320 
See also Clothing 
Field, magnetic, 340-42 
Field magnet, 379, 380 
Field trip, 49, 57 
precautions for, 478 
Fiesta Ware, 407 
ilms and filmstrips, 524-32 
Filtration, water, 186 
Fire, 270-83 
air necessary for, 272-73 
building, 273-74 
films and filmstrips on, 531 
fuels for, 270-71, 280 
kindling temperature for, 271-72 
products of, 279-80 
putting out, 276-79 
See also Combustion; Flame 
Fire extinguisher, 204 
Fire hazards, 281-83 
Firefly, 35 
Fireproofing, 283 
of house, 335 
First-class lever, 411-12, 420 
"ish, 48, 50, 56, 59 
in classroom aquarium, 8-10, 48 
as food, 59 
gills of, 48, 56, 222, 223 
"ixed pulley, 414 
"ixtures, for house, 329 
“lame, candle, 274 
colers of, 275, 280-81 
regions of, 275, 276 
See also Combustion; Fire 
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Flashlight, 367-68, 369 
Flask, Florence, 473 
Flight, 449-64 

films and filmstrips on, 532 
Floor, of house, 329 
Florence flask, 473 
Flowers, 93 
Fluorescein, 254 
Fly, black, 54 

caddis, 9, 41, 54, 57 

damsel, 9, 39 

fruit, 35-36 

house, 37 

May, 39, 40, 54, 57 
Foam fire extinguisher, 279 
Fontana, Joannes de, 432 
Fontinalis, 54 
Food(s), 210-20, 498 

acid reaction of, 202 

Basic Seven, 210, 219 

calories in, 214-15 

digestion of, 211-13 

films and filmstrips on, 530-31 

oxidation of, 213-14 

tests for, 216-20 
Food chain, 50-51, 52 
Foot-pound, 409 
Force, and machines, 410, 417-19 
Formaldehyde, safe handling of, 478 
Fossil roach, 34 
Foucault, J. B. L., 154 
Foundation, of house, 327-28 
Franklin, Benjamin, 363 
Freezing point, of mercury, 295 

of water, 184, 290, 291 
Frequency, of sound waves, 239 
Friction, 421-23 
Frog, 11, 50, 5/ 

breathing of, 222 

bull, 10 

eggs of, 10 

in terrarium, 84 
Fruit fly, 35-36 
Fruit stain, removal of, 323 
Fuels, 270-71, 280, 431, 432, 493 
Fulcrum of lever, 411 
Funnel, “Berlese,” 23. 24 8 
Fur, in experiments with electricity, 357, 358; 

360, 361 

Furniture, care of, 498 
Fuse, 382, 383 


Fusion, atomic energy from, 403 


"g" force, 437, 446 
Galaxies, 170-71 
Galileo, 151, 178, 179 
Galls, insect, on plants, 36 
Galvanometer, compass, 294, 371-72 
needle, 372-73 
razor-blade, 372 
Gamma rays, 406, 407 
Garden Club of America, 92 
Garden, eggshell, 93 


winter dish, 92-93 
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Garnerin, A. J., 461 

Garter snake, 11 

Gases, 199 ff. 
expanded by heat, 288 
molecular motion in, 296 

Gasoline, formula for, 280 
as stain remover, 322, 324 

Gauge, depth, homemade, 191 
rain, 106 

Gears, 417-19 

Geiger counter, 406 

Gemmae cups, 68 

Geotropism, 85 

Geranium, 75, 85, 91 


Geyser, 125 

Gills, of fish, 48, 56, 222, 223 

Glacier, 118 

Glass, classroom window, teacher's use of, 485 
drilling of, 469 


fiber spun from, 315, 316 
handling of, 467-71 
as poor heat conductor, 304 
sheet, cutting, 467-68 
tubing, cutting and bending, 469-71 
Glass block, as building material, 328, 329 
Glass cutter, 473 
Glider, 452-54 
Globe of world, 153, 156, 157 
Gneiss, 114, 116 
Gnomon, 152, 153 
Goddard, Robert, 432 
Goldfish, 48, 56 
microscopic examination of, 71 
Granite, 114, 115, 116, 117 
Graphite, powdered, 422 
Grass spider, 43 
Grass stain, removal of, 323 
Grasshopper, 36-37 
cage for, 20 
mounting, 23 
spiracles of, 37, 63 
Gravity, 434-44, 458 
and Bernoulli's principle, 455-56 
center of, 437-39 
defined, 434 
films and filmstrips on, 532 
and satellites, 441-45 
and weight, 436-41 
Grease stain, removal of, 323-24 
Great Bear, 172 
Green snake, 11 
Greenlee, Julian, 10 and n. 
Greenwich, England, Royal Observatory at, 181 
Greve, Anna M., 14n. 
Grist mill, model, 193 
Guericke, Otto von, 138, 139 
Gullying, 119, 120-21 
Guppy, 8-9, 57 
Gusher fountain, 144-45, 145 


Hacksaw, 465, 466 

Hail, 301 

Haircap moss, 68 

Hairs, tenent, of grasshopper, 37 


Halley, Edmund, 444 
Halley’s comet, 169 
“Hay infusion” culture, 73 
Heart, work of, 215-16 
Heat, 285-312 
absorption of, 308 
conduction of, 302-04 
by convection, 304-07 
electricity from, 385 
expansion by, of gases, 288 
of liquids, 287-88 
rates of, 288-90 
of solids, 285-87 
films and filmstrips on, 531 
from friction, 422-23 
for home, 309-12, 332, 333 
hot-air, 309-10 
hot-water, 310 
and molecular motion, 296, 302 
radiant, for home, 311-12 
by radiation, 307-09 
solar, 312 
steam, 310-11 
See also Temperature 
Heat pump, 312 
Helicopter, 462, 463 
Helium, 147, 402, 460, 461 
Hemp, 315 
Hercules (constellation), 171 
Hero engine, 424-25, 428-29 
Hillary, Edmund, 445 
Home, air conditioning in, 312 
conservation at, 497 
heat for, 309-12, 332, 333 
See also House (housing) 
Hornet, 29, 30 
Horsetail fern, 67 
Hot-air heating, 309-10 
Hot-water heating, 310 
Hourglass, 179 
House (housing), 326-35 
and climate, 326-27 
colors in, 331, 332, 333 
films and filmstrips on, 335 
fireproofing of, 335 
fixtures for, 329 
floors of, 329 
foundation of, 327-28 
framework of, 328 
heat for, 309-12, 332, 333 
insulation of, 312, 329-31 
materials for, 327-29 
protection from elements, 329-35 
roof of, 329 
ventilation of, 230-31, 333-35 
walls of, 328, 329 
waterproofing of, 335 
See also Home 
Housefly, 37 
Housekeeping, classroom, 489-90 
Humidity, and climate, 101-06 
and dew, 301 
and electric charges, 357 
evaporation affected by, 298 
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for health, 230 
table for, 104 
See also Water vapor 
Humus, 126 
Hut, grass, 326 
Hyades, 176 
Hydra, 71, 72 
Hydraulic mining, 117 
Hydrochloric acid, 116 
fibers tested with, 317 
protein broken down by, 213 
storage of, 479 
Hydrogen, atomic model of, 401, 402 
atomic number of, 403 
in fuels, 280 
heavy, 401, 402 
isotopes of, 401 
in sun, 402 
in water, 197, 198 
preparation of, 197 
Hydrogen bomb, 402, 403 
Hydrogen peroxide, fibers tested with, 318 
formula for, 198 
as stain remover, 323 
storage of, 480 
Hygrometer, 102-05 
Hypermetropia (farsightedness), 26/, 262 


Ice, 187, 288, 297 
Igloo, 326 
Igneous rock, 113, 114-15 
IGY, measurements of earth by, 154 
Incidence, angle of, 248, 249, 250 
Inclined plane, 415-16, 420 
Incubator, chicken, 13-14 
insect, 21 
Induction coil, 398 
safe handling of, 477 
Inertia, 423-24 
Ink, fibers tested with, 318 
making, 205 
removal of stain, 324 
Ink-bottle fire extinguisher, 278 
Insects, anesthetics for, 22 
aquarium for, fresh-water, 9, 41, 49 
“Berlese” funnel for observation of, 24 
breathing of, 222 
cage for, 19, 20, 2/ 
care of, 19-24 
collecting, 21-22, 502, 504-05 
films and filmstrips on, 528 
fresh-water aquarium for, 9, 41, 49 
incubator for, 21 
killing jar for, 22 
mounting, 23 
relaxing jar for, 22 
social, 24-29 
solitary, 24, 29 
stretching board for, 22-23 
terrarium garden for, 20 
water, 39-41 
winged, 30, 32, 33-34, 35, 37-38 
See also names of Specific insects 
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Instruments, musical, 239-41 

Insulation, of home, 312, 329-31 

Insulators, for electricity, 382 

Iodine, removal of stain, 324 
and starch color reaction, 198 
and thyroid gland, 220 

Ionosphere, 444 

Tris, of eye, 258, 259 

Irish dulse, 59 

Tron, in food, 211 

Tron nitrate, storage of, 480 

Tron sulfate, 205, 281 

Isotope, defined, 401 


Jar, killing, 22 
relaxing, 22 

Jet engine, 431-32 

Jewelweed, 89 

Joseph, A., 9n., 70n. 

Jug-builder wasp, 29 

Jupiter, 151, 166, 167, 168, 169, 446 
moons of, 178 

Jute, 314 


Kalanchoe plant, microscopic examination of, 65 
Kaleidoscope, 252 

Katydid, 35 

Kelp, giant, 55 

Kepler, Johannes, 151 

Kerosene, storage of, 479 

Kettle-hole lakes, 118 

Key, Francis Scott, 432 


Killing jar, 22 

Kindling temperature, 271-72 

Kite, 450-52 

Knots, speed in, 180 

Krypton, 147 

Labeling, of classroom collection, 483 


Laboratory, equipment for, 471-75 
tools for, 474-75 
workshop table in, 474 

Lactic acid, 203, 216 

Ladybug, 31, 78 

€, formation of, 118, 192 

Lamp, electric, 381 
miner's safety, 276 

Land, conservation of, 494-95 

Land-use map, 496 

Landscape "reading," 496 

Larva, ant, 26 
caddis fly, 41 
Clothes moth, 34 
damsel fly, 39, 49 
dragonfly, 41, 42, 49 
firefly, 35 
fruit fly, 36 
May fly, 39, 40 
midge, 54 
Mosquito, 9, 38, 222 

Larynx, 241 

Latitude, 179-81 

Lava, 114 


Lead acetate, 318 Lowell, Percival, 166 


Leaf cell, 66-67 Lubrication, friction reduced by, 421-22 
Leaf miner, 41, 42 Lumber, as flooring material, 329 
Leaf roller, 41-42 Lung, 223-25, 229 
| Leather, as material for clothing, 321 Lycopodium, 274 
Leaves, 91, 93 storage of, 479 
collecting, 504-05 
supported by stems, 89-90 Machines, 410-21 
Leech, 54 compound, 420 
Lenses, 256-58 films and filmstrips on, 532 
Leonid meteorite showers, 170 and force, 410, 417-19 
Lever, 411-13, 420 friction in, 421-23 
Library, science, books for, 512-23 lubrication of, 421-22 
Lichen, 68, 122, /23 in school and home, 419-21 
Life magazine, 485 simple, 410-20 
"Life zone" theory, 98-99 See also Work 
Lift, in aerodynamics, 454-56, 458, 459 Magnesium, 59, 479 
Light, 244-68 Magnet (magnetism), 337-55 
and color, 264-67 artificial, 337 
diffuse reflection of, 247 builder, 491 
electricity from, 385 caring for, 343-44 
and experiments with blueprint paper, 491 and coil, 351-52 
films and filmstrips on, 531 and demagnetizing, 343-44 
passed through prism, 262-63 earth as, 346-47 
reflection of, 247-54 electric motor spun by, 348-49 
refraction (bending) of, 254-55, 256 field, 379, 380 
spectrum of, 262, 263 films and filmstrips on, 531 
straight path of, 244-45 fishing, 491 
temperature related to, 99 games with, 353-55 
See also Lenses; Mirror materials attracted by, 338 
Light bulbs, connected in parallel, 370-71 natural, 337 
connected in series, 370 and nonmagnetic materials, attraction through, 
Light year, 157 338-39 
Lily, water, 50, 55, 56, 66 permanent, 342-43 
Lima beans, 79 poles of, 339-40, 343 
Limestone, 114, 115, 116, 185 strength of, at poles, 339 
Limewater, 69, 147, 148, 203, 228 temporary, 342 
| Linear measure, English, 507 theory of, 344-45 
metric, 508 See also Electromagnet 


Magnetic bulletin board, 491 
Magnetic field, 340-42 
i and electric current, 349-53, 376-71 
ipstick stain, removal of, 324 Magnifying glass, 62, 67, 256, 257 
Liquid-fuel rocket, 431 Mahogany, as building material, 328 


Liquid measure, English, 507 Malaria, 37 
g 
Mammal pets, 14-16 


Linen, 314, 315 
moisture absorbed by, 320 
tests for, 316, 317, 318 


„metric, 508 
iquid-measuring devices, 473 Manganese dioxide, in dry cell, 375 
Liquids, 199 f. Manometer, 191 


Mantis, praying. See Praying mantis 


converted to solids, 296 
Manufacturers, directory of, 533-34 


expanded by heat, 287-88 
inflammable, storage of, 479 Marble, 114, 116 - 
Marine aquarium, 9-1 


molecular motion in, 296 
Sound transmitted by, 235-36 Meme 167, eee T 437, 446, 447 
arsh, formation ot, 


volatile, 201 
Lithium, atomic model of, 402, 403 May fly, 39, 40, 54, 57 
pus paper, 202, 318 Mayonnaise, as colloid, 200 
ua Dipper, 173, 174, 177 Meal worm, 7 

1verwort, 54, 56, 68 Measures and weights, 507-09 


Lizards, 12 Mechanical advantage, defined, 411 
| Lodestone, 337, 339 Medicine dropper, making, 471 
Log, ship's, 180 Megaphone, phonograph, 238 
ES, Yule, paper, 281 Mercator, Gerardus, 180 
Longitude, 181 Mercurochrome stain, removal of, 324 
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Mercury, 166, 167, 168, 295 
Meridian, 181 
Metal stains, and chemical reactions, 205-06 
Metals, as building materials, 329 
in classroom, teacher’. use of, 485 
expanded by heat, 286 
as heat conductors, 303 
sheet, handling, 465-67 
sound transmitted by, 236-37 
Metamorphic rock, 114, 116, 485 
Metamorphosis, of ant, 26 
of praying mantis, 38 
in rock, 114, 116, 484-85 
Meteor, 169 
“Meteor bumper,” rockets designed with, 446 
Meteorite, 169-70 
Methane, in Jupiter's atmosphere, 169 
Metric system, 508-09 
Mica, 115, 116, 117 
Mica schist, 114, 116, 117 
Microbes, 227 
Micro-projection, 64, 65 
Microscope, 23, 258, 502 
choice and care of, 63-64 
glass-bead, 62-63 
use of, 65-73 
Midge, 54 
Milk, nutrients in, 217, 220 
separated into component nutrients, 216, 2/7 
Milky Way, 150, 170, 177 
Miner's safety lamp, 276 
Mineral(s), in food, 211, 220 
radioactive, radioautograph of, 406-07 
rock distinguished from, 117 
Mining, 117 
Minneapolis-Honeywell Regulator Company, 311 
Mirror, 248-54 
concave, 254 
convex, 254 
experiments with, 252-54 
plane glass as, 250-51 
reflection in, 250 
reversed image in, 252, 253 
water as, 251 
Mixture, compound differentiated from, 196 
Moccasin snake, 50 
Molds, 68, 70 
Molecules, adhesion of, 187 
cohesion of, 187 
motion of, 296, 302 
Mollusks, 58 
Monarch butterfly, 32, 33 
life cycle of, 33 
Montgolfier brothers, 460 
Montgomery Ward Company, 398 
Moon, 162-66 
apparent distortion of, 164 
distance from earth, 160, 164 
eclipses of, 164-65 
gravity of, 164, 437 
motions of, 163-64 
phases of, 162-63 
"shooting," 164 
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size of, 164 
surface of, 164 
Morholt, E., 9n., 70n. 
Morse Code, International, 391 
Mortar, as building material, 328 
Mortite, 263 
Mosquito, 37-38 
larvae of, 9, 38, 222 
Moss, 54, 68, 122 
Moth, 32, 33, 34 
cecropia, life cycle of, 32 
clothes, 34 
mounting, 23 
Mothballs, 201 
and carbon dioxide, 204 
Motion, laws of, 423-24, 427, 432 
Motor, balloon as, 429-30 
carbon dioxide cartridge, 430 
electric, 348-49, 377-81 
oil-can, 430 
Mount Wilson Observatory, 151 
Mountains, 112-13 
Mounting, of insects, 23 
Mourning cloak butterfly, 32-34 
Movable pulley, 414 
Mud-dauber wasp, 29, 30 
Mulberry leaves, 7 
Muscle, 216 
Mushroom, 67, 68 
Music, 239-41 
Myopia (nearsightedness), 26/, 262 
Myriophyllum, 8 
Naphtha, as stain remover, 322, 324 
Naphtha crystals, 201-02 
Naphthalene, storage of, 479 
Narcissus bulb, 93 
National Geographic, 485 
Natrix sipedon, 50 
Nearsightedness (myopia), 261, 262 
Negative charge, 358, 359, 360, 361, 362 
Neighbors in Space (filmstrip), 164, 171 
Neon, 147 
atomic model of, 402 
Neptune, 166, 167 
Net, insect, 22 
Neutrons, 357, 401, 402 
numbers of, by elements (table), 404-05 
Nichrome wire, 474 
Nicotine spray, 201 
Night, shown on globe of world, 153 
Nitella, 41 
Nitrogen, 147, 273 
Nitrogen-fixing bacteria, 70, 87 
Nonrenewable resources, 493 
Norkay, Tensing, 445 
North Star (Polaris), 152, 171, 173, 174 
177, 180, 181 
Nose, in respiration, 228 
Nucleus of atom, 401 
Nut, fat content of, 217 
Nylon, 315 
in experiments with electricity, 357, 358, 
361 


175, 176: 
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moisture absorbed by, 320 

strength of, 320 

tests for, 317, 318 
Nymph, damsel fly, 9 

dragonfly, 9, 57 

grasshopper, 37 

May fly, 57 

stonefly, 54 


Oak, as flooring material, 329 
Oats, 79, 80 
Obelisk, Egyptian, 179 
Obsidian, 114, 115, 485 
Ocean, life in, 58-59 
Oil, fibers tested with, 318 
removal of stain, 323-24 
Onion skin, microscopic examination of, 65 
Opacity, 246 
Optic nerve, 259, 260 
Orb-weaver spider, 44 
Orbits of planets, 166-67 
Orion, 170, 176 
Orlon, 315 
moisture absorbed by, 320 
strength of, 320 
tests for, 317, 318 
Outdoor window sill, as teaching aid, 483 
Overshot wheel, /92, 193 
Ovipositor, of cricket, 35 
of grasshopper, 37 
Oxalic acid, rust removed by, 324 
Oxidation, 198 
of food, 213-14 
Oxygen, in air, 147, 228, 230, 273 
in Mars's atmosphere, 168 
and oxidation, 198 
Preparation of, 198 
In respiration, 227 
my rules for preparation of, 476-77 
for space travel, 445 
in water, 197, 198 
Ozalid print, 208, 341 


Pai 
aint, house, as emulsion, 200-01 
pant Stain, removal of, 324 
a Omar Observatory, 178 
apain, 219 
pest conserved at school, 498 
arachute, 461-62 
aradichlorobenzene, 23 
Beets 12 
pa allar, 158, 759, 160 
arallel circuit, 369, 370-71 
aramecium, 72, 73 
Men screw, 465 
arquet floor, 329 
arrot, 12, 13 
Parsnip, 219 
endulum, Foucault’s, 154 
pendulum clock, 179 
enicillium, 70 
coum, defined, 160 
Peromia plant, microscopic examination of, 65 
*psin, 213, 219 


Perch, for classroom aquarium, 8 
Periscope, 251-52 
Peroxide. See Hydrogen peroxide 
Perseid meteorite shower, 170 
Perseus, 175, 177 
Pet show, 14 
Petiole, 91 
Petri dish, 37 
Petroleum, storage of, 479 
Phenol, storage of, 479 
Phenophthalein solution, 185, 197 
Philodendron, 75, 86 
Phonograph megaphone, 238 
Phosphor, of radium watch, 408 
Phosphorus, in food, 220 
storage of, 479 
Phosphorus pentoxide, 273 
Photoelectric cell, 385, 386 
Photography, 208 
Photosynthesis, 47, 51, 55, 56, 75 
Pickerel frog, 57 
Pine, as flooring material, 329 
Pine cones, rainbow, 280 
Pinhole camera, 245 
Pinwheel, 132, 462-63 
Piston, of steam engine, 426 
Pitch, of sound waves, 239 
Pitchblende, 407 
Pitcher plant, 55 
Planarian, 54 
Planetarium, umbrella, 174 
Planets of solar system, 166-69 
Plankton, 58 
Plant zones, 50, 51-52 
Plants, 75-94, 499 
in autumn, 90-91 
breathing of, 223 
carbon dioxide absorbed by, 230 
and erosion, 121, 122-23 
fibers from, 314-15 
films and filmstrips on, 528-29 
and humidity of room, 75, 76 
as living things, 84-90 
nicotine spray for, 201 
nongreen, 67-70 
safe handling of, 478 
soil for, 79-80, 81 
starch stored by, 219 
sunlight for, 75, 76 
and temperature, 75, 76 
vitamins made by, 211 
water sought by, 86, 87 
watering, 77-78 
on window sill, 76, 78-81 
See also names of specific plants 
Plaster, as building material, 328 
Plasterboard, 328 
Plastics, in classroom, teacher's use of, 485 
cutting of, 466 
Platelets, 77 
Pleiades, 175, 176 
Plunger, sink, 139, 485 
Pluto, 166, 167, 168 
Plywood, as building material, 328 
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Polaris (North Star), 152, 171, 173, 174, 175, 176, 


177, 180, 181 
Poles, of earth, 346-47 
magnetic, 339-40, 343 
Pollux, 157 t 
Polyethylene, 360 : 
Pond life, study of, 49-50, 51, 52-53, 54, 504 
Pondweed, 50, 55 
Pontoon, for raising ship, 189 
Popular Science, 485 
Positive charge, 358, 359, 360, 361, 362, 363 
Potassium, 199 
Potassium chlorate, storage of, 480 
Potassium chloride, 281 
Potassium peroxide, storage of, 480 
Potter wasp, 29 
Praying mantis, 38-39 
cage for, 20 
Pressure cooker, 298 
safe handling of, 478-79 
Primary color, 266-67 
Prime meridian, 181 
Prism, sunlight passed through, 262-63 
Profiles, soil, 125-26 
Propane gas, 289 
Propeller, 462, 463 
Protein, 211 
tests for, 216-17 
Protons, 357, 358, 401, 402 
numbers of, by elements (table), 404-05 
Protozoans, 52, 53, 71, 72, 73 
Protractor, 180, 181 
Psittacosis, 12 
Psychrometer, 105 
Ptolemaic system, 150, /5/ 
Ptolemy, 150 
Ptyalin, 219 
Pulley, 413-15, 420 
Pumice, 114 
Pump, heat, 312 
Pupa, ant, 26 
fruit fly, 36 
Pushbutton switch, 366 
Pussy willow, 93 
Pyrex glass, 304 


Quartz, 115, 117 
Quartzite, 114 

Queen ant, 26, 27 
Quicklime, storage of, 480 


Rabbit, 14-15 
Radiant heating, for home, 31 1-12, 332, 333 
Radiation, heat conveyed by, 307-09 
protection from, in space travel, 445-46 
Radio, 397, 398-99 
safe handling of, 477 
Radio telescope, 178 
Radioactivity, 406-08 
films and filmstrips on, 531-32 
Radioautograph, 406-07 
Radisl., 79, 80 
Radium, 406, 407, 408 
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Rag-doll seed tester, 94 
Rain, 301 
Rain gauge, 106 
Rainbow, 264-65 
Rat, white, 15-16 
Rattlesnake, 12 
Rayon, 315 
moisture absorbed by, 320 
strength of, 320 
tests for, 316-17, 318 
Reaction, chemical, 203-07 
Receiver, telephone, 396, 397 
Red blood cells, 70, 7/ 
Red cabbage, 92 
Red phosphorus, 273 
Reference aids, 534-35 
Reflecting telescope, 178, /79 
Reflection of light, 247-54 
angle of, 248, 249, 250 
in mirror, 250 
Refracting telescope, 178 
Refraction of light, 254-55, 256 
Regulus, 157 
Relaxing jar, 22 
Renewable resources, 492-93 
Reptiles, 50 
as classroom pets, 11-12 
Resistance, in mechanics, 411 
Resources, human, 493, 496-500 
natural, 492-93 


Respiratory system, 227-28, 229, 230 


Retina, 259, 260, 261, 262 
Rex Begonia, leaf cuttings of, 93 
Ring stand, 473 


Rock, collecting, 116-17, 487, 504-05 


etching by roots, 123 
igneous, 113, 114-15 
impermeable, 118 
metamorphic, 114, 116, 485 
mineral distinguished from, 117 
permeable, 118 
radioactive ores in, testing for, 408 
sedimentary, 113, 115-16 
structure of, 111, 113 
Rock wool, 330 
Rocket engine, 431-32 


Rocket ship, carbon dioxide model, 430 


Rocket to the Moon (filmstrip), 164 
Roof of house, 329, 332 
Root, 81, 86-88 
downward growth of, 85 
etching, 123 
hairs on, 86 
microscopic examination of, 66 
Rosin, storage of, 479 
Rostand, Edmond, 441 
Rotation, 151-52, 154, 155, 163 
Rubber tile, 327 
Rudder, airplane, 458, 459 
Rust stain, removal of, 324 


Safety procedures in classroom, 475-80 


in biological experiments, 478-79 


for electrical devices, 477-78 
in oxygen preparation, 476-77 
Sagittaria, for classroom aquarium, 8 
Salamander, 50 
eggs of, 10, 11 
Saliva, 211, 212, 213, 219 
Salt. See Sodium chloride 
Salt-water tank, 9-10 
Sandstone, 114, 115, 116 
Saran, 315 
in experiment with electricity, 360-61 
strength of, 320 
Satellite, communications relayed by, 445 
and gravity, 441-45 
knowledge acquired through, 444 
launching, 443-44 
weather forecasting by, 444 
Saturated solution, 185 
Saturn, 166, 167, 168 
Saw, coping, 465 
Schneider, Herman, 486 
Science Corner, classroom, 2, 487 
Science discovery table, classroom, 488 
Science library, books for, 512-23 
Screw, 416-17, 420 
sheet metal, 465 
Sea, life in, 58-59 
Sea shell, 58 
Sears Roebuck Company, 398 
Seasons, 155-57 
films and filmstrips on, 530 
Seaweed, gelatin produced from, 59 
Second-class lever, 412, 420 
Sedimentary rock, 113, 115-16 
Seed(s), air needed by, 223 
beds for, 78-79 
inside of, 94 
planting, 80-81, 94 
power of germinating, 123 
1n season, 91-92 
sprouting, 77, 94 
Seed germination tray, 483 
Seed tester, rag-doll, 94 
Selenium, 385 
Series circuit, 368-69, 370 
Shadow, casting of, 152, 267-68 
Shadow box, 483 
Shale, 114, 116 
Shears, duckbill, 465 
Sheathing of house, 328, 329 
Sheet erosion, 119-20 
iw glass, cutting, 467-68 
heet metal, handling, 465-67 
Shellac, storage of, 479 
Shells, sea, 58 
Shingles of house, 328 
Shock wave, 441 
Short circuit, 382, 383 
Sereal time, 179 
ie for waterproofing, 335 
in experiments with electricity, 358, 359, 361 
moisture absorbed by, 320 


strength of, 320 

tests for, 316, 317, 318 
Silkworm, 7-8 

eggs of, 21 
Sill, window. See Window sill 
Silver, cleaning of, 205 
Silver nitrate, 267 

storage of, 480 
Silverfish, 34 
Siphon, 145 
Siphon tube, 46, 47, 145-46 
Skin diving, 59 
Slate, 114, 116, 484, 485 

as roofing material, 329 


Smog, 230 
Smoke box, 245-46, 247 
Snail, 41, 50, 84 

eggs of, 57 
*Snailery," 84 
Snake, 11-12, 50 

box for, 11, /2 

in terrarium, 84 
Snow, 301 


Soap, making, 200 
Social studies, conservation taught by, 492, 499 
Socket, electricity passing through, 365 
Soda-acid fire extinguisher, 278-79 
Sodium, 196, 199 
Sodium chloride, 196-97 
in sea water, 59 
Sodium hydroxide, 197 
fibers tested with, 317 
storage of, 479 
Sodium peroxide, storage of, 480 
Sodium sulfate, 197 
Sodium thiosulfate, 324 
Soil, for plants, 79-80, 81 
study of, 124-26, 494-95, 498 
water in, 124, 146-47 
Soil Conservation Agent, United States, 126 
Solar day, 179 
Solar heating, 312 
Solar system, 150-70 
motion of, 157 
origin of, 160 
planets of, 166-69 
Soldering, 466-67 
Solids, 199 ff 
expanded by heat, 285-87 
melting points of, 295-96 
molecular motion in, 296 
sound transmitted by, 236 
volatile, 201-02 
Solution, saturated, 185 
Solvents, 201 
fibers tested with, 318 
Sonometer, 239 
Sound, 232-41, 491 
films and filmstrips on, 531 
vibrating objects as cause of, 232-33 
Sound barrier, smashing of, 440-41 
Sound wave, 233-41 
absorption of, 238-39 
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amplifying of, 238 
compression of, 234, 235 
frequency of, 239 

materials transmitting, 235-37 
pitch of, 239 i 
rarefaction of, 234-35 

speed of, +40 


See also Vibration 


Sourcebook for the Biological Sciences, A, 9n., 70n. 


Space travel, 445-48 
films and filmstrips on, 532 
Spatterdock, 50 "T" 
Specific gravities, of common materials, 510 
Spectroscope, mailing-tube, 264 
Spectrum, 262, 263 
Sphagnum moss, 54, 55 
Spider, 40, 42-44, 222 
cage for, 20 
Spinthariscope, 406 
Spiracles, of grasshopper, 37, 63 
Spirogyra, 41, 53, 55, 73 
Splash erosion, 122 
Sponge, 41, 50 
Spontaneous combustion, 213, 318 
Spore, 67, 68 
Sprinkler, rotary lawn, 428 
Square measure, English, 507 
metric, 508 
Stain removal, 204-05, 206 
from clothing, 322-24 
Starch, 211, 213 
tests for, 216, 217, 218-19 
Starch color reaction, and iodine, 198 
Stars, 170-75 
color of, 171 
constellations of, 170-71, 172-77 
films and filmstrips on, 530 
maps of, 174-75, 176, 177 
number observed, 175 
photography of, 171 
temperature of, 171 
timekeeping with, 178-79 
and zodiac, 171-73 
Steam engine, 425-27 
Steam heating, 310-11 
Stem of plant, 88-90 
Stickleback, 8 
Stomach, 212 
Stomata, of plant, 55, 65, 66, 78 
Stone, as building material, 327, 328 
Stonefly, nymph of, 54 
Storage, of materials, 479-80, 489-90 
Storage battery, 375-76 
safe handling of, 477 
Stratosphere, 444 
Stretching board, 22-23 
String instruments, 240 
Strontium nitrate, 199, 281 
storage of, 480 
Stucco, as building material, 328 
Submarine, model, 189 
Subsoil. 125, 126 
Suction cup, 139, 140 
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Sugar, 211, 213 
tests for, 216-17, 218 
Sulfur, storage of, 479 
Sulfuric acid, fibers tested with, 317-18 
storage of, 479, 480 
Summer science experiences, 502-03 
Sun, 157-62, 167 
chromosphere of, 161 
corona of, 161 
distance from earth, 157 
eclipses of, 160-62 
gravity of, 437 
hydrogen in, 402 
size of, 157 
temperature of, 157n. 
Sundew, 55 
Sundial, 152-53, 179 
construction of, 152-53 
Sunspots, 162 
Supply houses, directory of, 533-34 
Surface tension, 187 
Sweet potato, 77, 78, 88 
Switch, electric, 365-68 
Syncline, 112, 113, //4 
Synthetic fibers, 315-16 


Tadpole, 8, 10, 222 
Tank, salt-water, 9-10 
Tannic acid, 205 
Tap-key switch, 366-67 
Tap wrench, 465 
Tar, storage of, 479 
Tar stain, removal of, 324 
Tarantula, 43, 44 
Taurus, 172, 175, 176, 177 
Tea stain, removal of, 323 
Teachers’ aids, bibliography of, 534-35 5 
Teaching High School Science: A Book of Methods, ? 
Telegraph, 389-93 
bubble, 390, 391- 2 
hinge, 390, 391 
tin-can, 389-91 
two-way, 392 
Telegraph key, 390, 391, 392 
Telephone, 393-97, 490 
cigar-box, 393-94 
diaphragm of, 395 
operation of, 394-97 
receiver of, 396, 397 
transmitter of, 395, 396 
two-way, 397 
Telescope, 175, 178, 258, 502 
Television, 397, 398 
Temperature, 97 
and climate, 97-100 
cold, effects of, 294-95 
daylight related to, 99 
of human body, 293 
kindling, 271-72 
measurement of, 97-98, 99, 290-95 
room, and proper ventilation, 230-31 
in space, 446-47 
See also Thermometer 


Temperature conversion table, 511 
Tenent hairs, of grasshopper, 37 
Tent, 326 
Termites, 27-28 
Terrarium, bog (marsh), 55, 81, 82 
desert, 81-82 
glass-box, 81, 83-84 
for insects, 20 
moist woodland, 11, 81, 83, 84 
pickle-jar, 81, 82 
Test tube heater, electric, 471-72 
Thermometer, 97-98, 99, 290-94, 295, 483 
air, 291-92 
centigrade scale on, 291 
clinical, 293 
electrical, 294 
Fahrenheit scale on, 290, 291 i 
gas, 291-92 
maximum-minimum, 293-94 
mercury, 290, 293, 295 
metal, 292-93 
safe handling of, 478 
water, 291 
zipper, 97-98, 483 
See also Temperature 
Thermos bottle, 308 
Thermostat, homemade, 289-90 
Third-class lever, 412-13, 420 
Thorium, 406, 407 
Thrust, in aerodynamics, 458, 459 
Thyroid gland, and iodine, 220 
Tidepool, classroom, 9-10 
Pier as building material, 327, 329, 485 
ime, conserved at school, 498 
and longitude, 181 
sidereal, 179 
Toad, 11, 50, 5/ 
eggs of, 10 
horned, 12, 82 
in terrarium, 84 
ve chemical change illustrated by, 206 
ools, care of, 498 
for laboratory, 474-75 
Topsoil, 119, 125, 126 
Toys, care of, 498 
Trachea, 228 
Transite, 474 
Translucence, 246 
miatti, telephone, 395, 396 
ransparency, 246 
Transplant, watering, 87 
Trap-door spider, 43 
Tree cricket, 35, 38 
Tree study, 89, 90-91, 92 
Triangular kite, miniature, 451 
Tritium, 401, 402 
Tropical fish, for classroom aquarium, 8 
roposphere, 444 
Troy weight, 508 
Tubes sprouting, 77 
qubing. glass, cutting and bending, 469-71 
qos fork, 233, 234, 237, 238, 491 
urbine, 193-94, 426-27 


Turpentine, storage of, 479 
Turtle, 11, 50 


Ulothrix, 73 
Umbra, defined, 160 JU 
Umbrella planetarium, 174 
Undershot wheel, /92, 193 
United States Soil Conservation Agent, 126 
Uranium, 406, 407, 408 
atomic model of, 403 
Uranus, 166, 167 
Utricularia, 41, 53 


Vacuum, defined, 134, 138 
Vacuum bottle, 308-09 
Vacuum cleaner, 142 
Vallisneria, for classroom aquarium, 8, 66 
Valve action, of steam engine, 425-26 
Vaucheria, 73 
Vega, 157 
Ventilation, of classroom, 484 
of home, 230-31, 333-35 
Venus, 166, 167, 168, 447 
Vermiculite, 76, 88 
Verne, Jules, 441 
Vibration, sound caused by, 232-33 
sympathetic, 237-38 
See also Sound wave 
Vinegar, bone structure eroded by, 202 
Vinyl, 327 
Violet, African, 75 
Vitamins, 211, 219, 259 
Vocal cords, 241 
“Voices of the Night,” 10 
Volcano, 113 
Voltaic cell, 373-74 
Volvox, 73 
Vorticella, 53, 72, 73 


Walking stick beetle, 38 
cage for, 20, 21 

Walls, of classroom, teacher's use of, 484-85 
of house, 328, 329 

Wasp, 28, 29 

Water, absorbed by fibers, 320 
air in, 146 
and air pressure, effect of, 135-38 
for animals in classroom, 5 
for aquarium in classroom, 9 
boiling point of, 184, 290, 291, 295, 297 
buoyancy of, 188 
capillary attraction in, 187-88 
classroom supply of, 488 
as combustion product, 206-07, 279 
conserved at school, 498 
convection currents in, 305 
density of, 185 
as dissolver, 185-86 
distillation of, 186, 301-02 
electric current conducted by, 384 
electrolysis of, 197 
elements in, 197-98 
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evaporation of, 109, 110, 186, 298-99 
expansion on freezing, 186-87, 288, 296-97 
filter plant for, 186 
fire extinguished by, 276 
formula for, 197, 280 i 
freezing point of, 184, 290, 291 
hydrogen in, 197, 198 
films and filmstrips on, 528 
as mirror, 251 
oxygen in, 197, 198 
properties of, 184-85 
purifying, 186, 302 
in soil, 124, 146-47 
summer experiences with, 502 
surface tension in, 187 
work done by, 192-94 
See also Water cycle; Water pressure 
Water boatman, 9, 40, 49 
Water clock, 179 
Water cycle, 191-92 
Water lily, 50, 55, 56, 66 
Water penny, 54 
Water pressure, 189-91, 491 
Water spider, 40, 222 
Water spot, removal of, 324 
Water strider, 9, 40, 49 
Water vapor, in air, 148, 230, 299-300, 301 
See also Humidity 
Water wheel, 192-94 
Waterfall, distribution of animals in, 54 
Waterproofing of house, 335 
Watson, F. G., 2 
Wave, electromagnetic, 397 
shock, 44/ 
sound. See Sound wave 
Weather, films and filmstrips on, 529 
forecast by satellites, 444 
Wedge, 416, 420 
Weight, and gravity, 436-41 
Weightlessness, in space travel, 447 
Weights and measures, 507-09 
Well, artesian, 117-18, 191 
Wet cell, 373-74 
Whale, 58, 59 
Wheat, 80 
Wheel, color, 266 
exercise, for mammal pets, 15 
water, 192-94 
Wheel and axle, 413, 420 
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Whirligig beetle, 40 
White blood cells, 70, 7/ 
White-faced hornet, 29 
Wild Flower Preservation Society, 93n. 
Wind, erosion caused by, 122 
Wind direction vane, 106, 107, /09 
Wind instruments, 240—41 
Wind speed indicator, /08, /09 
Wind stick, 109-10 
Wind tunnel, 441, 457-58 
Window, classroom, teacher's use of, 483-84 
Window, The (film), 50 
Window sill, for plants, 76, 78-81 
as teaching aid, 1-2, 482-83 
Windpipe, 228 
Wing of bird, study of, 449, 456 
Wire, Nichrome, 174 
Wolf spider, 43 
Wood, as building material, 328, 485 
Wool, 315 
in experiments with electricity, 357, 358, 359, 360, 
361 
moisture absorbed by, 320 
strength of, 320 
tests for, 316, 317, 318 
warmth of, 320, 321 
Woolly bear, 39 
Work, defined, 409 
measurement of, 409-10 
See also Machines 


Workshop table, in laboratory, 474 
Wrench, tap, 465 
Wright's Stain, 70 


Xenon, 147 
X-ray, 406 


Yeast cells, and acid reaction to litmus, 202 
Yeast plant, 67, 68, 69 

Yellow fever, 37 

Yellow jacket, 29 

Yule logs, Paper, 281 


Zinc, in dry cell, 375 
Zinc dust, Storage of, 479 
Zipper thermometer, 97-98, 483 
Zodiac, 171-73 

signs of, 172 
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